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Hymn to Science

Science! thou fair effusive ray

From the great source of mental day,
Free, generous, and refin'd!

Descend with all thy treasures fraught,

lllumine each bewilder'd thought,
And bless my lab'ring mind.

But first with thy resistless light,
Disperse those phantoms from my sight,
Those mimic shades of thee;

The scholiast's learning, sophist's cant,
The visionary bigot's rant,

The monk's philosophy.

B R S S S S S S T

Of wealth, pow'r, freedom, thou! the cause;
Foundress of order, cities, laws,

Of arts inventress, thou!

Without thee what were human kind?

How vast their wants, their thoughts how blind!
Their joys how mean! how few!

Sun of the soul! thy beams unveil!
Let others spread the daring sail,
On Fortune's faithless sea;

While undeluded, happier |

From the vain tumult timely fly,
And sit in peace with thee.

Mark Akenside *(1721-1770)

Since this 7" volume we change the format of our journal. It will be published four
times per year. This new format will allow us to present new scientific results of contributors in
a shorter time. This also means that we evidently divide the main topics of the journal into
different issues. But this does not mean that the edition strategy is transformed sufficiently.

This edition is the continuation of our publishing activities. We hope our journal will be
interesting for research community, and we are open for collaboration both in research and
publishing.

EDITORS

2
Ig&bfﬂ SEE L Yu. N. Shunin
/A L 1.V. Kabashkin

! Mark Akenside (1721-1770) was a poet and physician who is principally known for his poem 'The Pleasures of Imagination'. He
attended the University of Edinburgh with the original intention of becoming a minister, but ended up studying medicine. All the
time while Akensides reputation as a poet was growing; so too was his reputation as a doctor and he ended up as the physician to the
queen. Samuel Johnson also wrote a biography of Mark Akenside.
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CLUSTER APPROACH TO HIGH PERFORMANCE COMPUTING

A. KUZMIN
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The High Performance Computing (HPC) allows scientists and engineers to deal with very complex problems using fast
computer hardware and specialized software. Since often these problems require hundreds or even thousands of processor hours to
complete, an approach, based on the use of supercomputers, has been traditionally adopted. Recent tremendous increase in a speed
of PC-type computers opens relatively cheap and scalable solution for HPC using cluster technologies. Here we discuss basics of
cluster technology and present an example of cluster solution, implemented at the Institute of Solid State Physics of the University
of Latvia within the Latvian SuperCluster (LASC) project.

Keywords: high performance computing, cluster computing

1. Introduction

Development of new materials and production processes, based on high-technologies, requires a
solution of increasingly complex computational problems. However, even as computer power, data
storage, and communication speed continue to improve exponentially, available computational resources
are often failing to keep up with what users demand of them. Therefore high-performance computing
(HPC) infrastructure becomes a critical resource for research and development as well as for many
business applications. Traditionally the HPC applications were oriented on the use of high-end computer
systems - so-called "supercomputers". Before considering the amazing progress in this field, some
attention should be paid to the classification of existing computer architectures.

SISD (Single Instruction stream, Single Data stream) type computers. These are the conventional
systems that contain one central processing unit (CPU) and hence can accommodate one instruction
stream that is executed serially. Nowadays many large mainframes may have more than one CPU but
each of these execute instruction streams that are unrelated. Therefore, such systems still should be
regarded as a set of SISD machines acting on different data spaces. Examples of SISD machines are for
instance most workstations like those of DEC, IBM, Hewlett-Packard, and Sun Microsystems as well as
most personal computers.

SIMD (Single Instruction stream, Multiple Data stream) type computers. Such systems often
have a large number of processing units that all may execute the same instruction on different data in
lock-step. Thus, a single instruction manipulates many data in parallel. Examples of SIMD machines are
the CPP DAP Gamma II and the Alenia Quadrics.

Vector processors, a subclass of the SIMD systems. Vector processors act on arrays of similar
data rather than on single data items using specially structured CPUs. When data can be manipulated by
these vector units, results can be delivered with a rate of one, two and, in special cases, of three per clock
cycle (a clock cycle being defined as the basic internal unit of time for the system). So, vector processors
execute on their data in an almost parallel way but only when executing in vector mode. In this case they
are several times faster than when executing in conventional scalar mode. For practical purposes vector
processors are therefore mostly regarded as SIMD machines. Examples of such systems are Cray 1 and
Hitachi S3600.

MIMD (Multiple Instruction stream, Multiple Data stream) type computers. These machines
execute several instruction streams in parallel on different data. The difference with the multi-processor
SISD machines mentioned above lies in the fact that the instructions and data are related because they
represent different parts of the same task to be executed. So, MIMD systems may run many sub-tasks in
parallel in order to shorten the time-to-solution for the main task to be executed. There is a large variety
of MIMD systems like a four-processor NEC SX-5 and a thousand processor SGI/Cray T3E
supercomputers.

Besides above mentioned classification, another important distinction between classes of
computing systems can be done according to the type of memory access (Figure 1).
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Shared memory (SM) systems have multiple CPUs all of which share the same address space.
This means that the knowledge of where data is stored is of no concern to the user as there is only one
memory accessed by all CPUs on an equal basis. Shared memory systems can be both SIMD or MIMD.
Single-CPU vector processors can be regarded as an example of the former, while the multi-CPU models
of these machines are examples of the latter.

Distributed memory (DM) systems. In this case each CPU has its own associated memory. The
CPUs are connected by some network and may exchange data between their respective memories when
required. In contrast to shared memory machines the user must be aware of the location of the data in the
local memories and will have to move or distribute these data explicitly when needed. Again, distributed
memory systems may be either SIMD or MIMD.
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Figure 1. Shared (left) and distributed (right) memory computer architectures

To understand better the current situation in the field of HPC systems and a place of cluster-type
computers among them, some brief overview of supercomputers history will be given below.

An important break-through in the field of HPC systems came up in the late 1970s, when the
Cray-1 and soon CDC Cyber 203/205 systems, both based on vector technology, were built. These
supercomputers were able to achieve unprecedented performances for certain applications, being more
than one order of magnitude faster than other available computing systems. In particular, the Cray-1
system [1] boasted that time a world-record speed of 160 million floating-point operations per second
(MFlops). It was equipped with an 8 megabyte main memory and priced $8.8 million. A range of first
supercomputers applications was typically limited by ones having regular, easily vectorisable data
structures and being very demanding in terms of floating point performance. Some examples include
mechanical engineering, fluid dynamics and cryptography tasks. The use of vector computers by a
broader community was initially limited by the lack of programming tools and vectorising compilers, so
that the applications had to be hand coded and optimised for a specific computer system. However,
commercial software packages became available in the 1980s for vector computers, pushing up their
industrial use. At this time, the first multiprocessor supercomputer Cray X-MP was developed and
achieved the performance of 500 MFlops.

Strong limitation for further scalability of vector computers was their shared-memory
architecture. Therefore, massive parallel processing (MPP) systems using distributed-memory were
introduced by the end of the 1980s. The main advantage of such systems is the possibility to divide a
complex job into several parts, which are executed in parallel by several processors each having dedicated
memory (Figure 1). The communication between the parts of the main job occurs within the framework
of the so-called message-passing paradigm, which was standardised in the message-passing interface
(MPI). The message-passing paradigm is flexible enough to support a variety of applications and is also
well adapted to the MPP architecture. During last years, a tremendous improvement in the performance of
standard workstation processors led to their use in the MPP supercomputers, resulting in significantly
lowered price/performance ratios.

Traditionally, conventional MPP supercomputers are oriented on the very high-end of
performance. As a result, they are relatively expensive and require special and also expensive
maintenance support. To meet the requirements of the lower and medium market segments, the
symmetric multiprocessing (SMP) systems were introduced in the early 1990s to address commercial
users with applications such as databases, scheduling tasks in telecommunications industry, data mining
and manufacturing.
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Better understanding of applications and algorithms as well as a significant improvement in the
communication network technologies and processors speed led to emerging of new class of systems,
called clusters of SMP or networks of workstations (NOW), which are able to compete in performance
with MPPs and have excellent price/performance ratios for special applications types. On practice,
clustering technology can be used for any arbitrary group of computers, allowing to build homogeneous
or heterogeneous systems. Even bigger performance can be achieved by combining groups of clusters into
HyperCluster or even Grid-type system [2], which will be briefly considered in the last section.

ASCI WHITE MCR LINUX CLUSTER

Figure 2. Top five supercomputer systems (November 2002) [6]

It is worth to note, that by the end of 2002, the most powerful existing HPC systems (Figure 2)
have performance in the range from 3 to 36 TFlops. The top five supercomputer systems include Earth-
Simulator (35.86 TFlops, 5120 processors), installed by NEC in 2002 [3]; two ASCI Q systems (7.72
TFlops, 4096 processors), built by Hewlett-Packard in 2002 and based on the AlphaServer SC computer
systems [4]; ASCI White (7.23 TFlops, 8192 processors), installed by IBM in 2000 [4]; and, a pleasant
surprise, MCR Linux Cluster (5.69 TFlops, 2304 Xeon 2.4 GHz processors), built by Linux NetworX in
2002 for Lawrence Livermore National Laboratory (USA) [5]. According to the recent TOP500
Supercomputers List from November 2002 [6], cluster based systems represent 18.6% from all
supercomputers, and most of them (about 60%) use Intel's processors. Finally, one should note that
application range of modern supercomputers is very wide and addresses mainly industrial, research and
academic fields. The covered areas are related to telecommunications, weather and climate
research/forecasting, financial risk analysis, car crash analysis, databases and information services,
manufacturing, geophysics, computational chemistry and biology, pharmaceutics, aerospace industry,
electronics and much more.

In this paper we will introduce basics of cluster technology and consider an example of the HPC
cluster, built at the Institute of Solid State Physics (ISSP) of the University of Latvia.

2. Basics of Cluster Computing

Cluster computing refer to technologies that allow multiple computers, called cluster nodes, to
work together with the aim to solve common computing problems. A generic cluster architecture is
shown in Figure 3. Each node can be a single or multiprocessor computer, such as a PC, workstation or
SMP server, equipped with its own memory, I/O devices and operating system. The cluster, having
similar nodes, is called homogeneous, otherwise - heterogeneous. The nodes are usually interconnected
by local area network (LAN) based on one of the following technologies: Ethernet, Fast Ethernet, Gigabit
Ethernet, Myrinet [7], Quadrics Network (QsNet) [8], InfiniBand communication fabric [9], Scalable
Coherent Interface (SCI) [10], Virtual Interface Architecture (VIA) [11] or Memory Channel [12]. The
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speed of network technology is characterised by a bandwidth and a latency. Bandwidth means how much
information can be sent through a particular network connection, and latency is defined as the time it
takes for a networking device to process a data frame. A comparison of these two parameters for above
mentioned network technologies is given in Table 1. Note that a higher network speed is usually
associated with a higher price of related equipment. To improve further cluster performance, different
network topologies can be implemented in each particular case. Moreover, channel bonding technology
can be used in the case of the Ethernet-type networking to double the network bandwidth. To realise this
technology, two network interface cards (NICs) should be installed in each node, and two network
switches should be used, one for each channel, to form two separate virtual networks. The optimal choice
of the network type is dictated by demands on speed and volume of data exchange between several parts
of the application software, running on different nodes.

2
I ‘ Parallel Applications J
[
Sequential Applications ‘ ﬁ‘ Parallel Programming Envitonments :]
Cluster Middleware
(Single System Image and Availability Infrastructure)
pd 2 P pd
PC/Workstation PC/Workstation PC/Workstation PC/Workstarion PC/Workstation
|7Cnmm, SIW Comm. S/'W Comm. S/W |7Cnmm, SIW Comm. S/'W
Net. Interface HW ‘ Net. Interface HW| Net. Inerface HW Net. Interface HW Ner. Interface HW
( ) High Speed Network/Switch >

Figure 3. Typical cluster architecture [16]

TABLE 1. Comparison of network technologies used in cluster systems. Note that the latency of Ethernet devices depends strongly
on a particular switch realisation.

|[Network Technology Bandwidth (MByte/sec) Latency (usec/packet)

Ethernet 1.25 -

Fast Ethernet 12.5 158
Gigabit Ethernet 125 33
Myrinet 245 6
QsNet 340 2

InfiniBand 320, 1280 and 3840 <10

SCI 400 1.5
VIA 150 8
Memory Channel 100 3

Various operating systems, including Linux, Solaris and Windows, can be used to manage the
nodes. However, in order for the clusters to be able to pool their computing resources, special cluster-
enabled applications must be written using clustering libraries or a system level middleware [13] should
be used. The most popular clustering libraries are PVM (Parallel Virtual Machine) [14] and MPI
(Message Passing Interface) [15]; both are very mature and work well. By using PVM or MPI,
programmers can design applications that can span across an entire cluster's computing resources rather
than being confined to the resources of a single machine. For many applications, PVM and MPI allow
computing problems to be solved at a rate that scales almost linearly in relation to the number of
processors in the cluster.

The cluster architecture is usually optimised for High Performance Computing or High
Availability Computing. The choice of the architecture is dictated by the type of an application and
available budget. A combination of both approaches is utilised in some cases, resulting in a highly
reliable system, characterized by a very high performance. The principal difference between these two
approaches consists of that in the HPC case, each node in the cluster executes a part of the common job,

10
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whereas in the second case, several nodes perform or are ready to perform the same job and, thus, are able
to substitute each other in a case of failure.

High availability (HA) clusters are used in mission critical applications to have constant
availability of services to end-users through multiple instances of one or more applications on many
computing nodes. Such systems found their application as Web servers, e-commerce engines or database
servers. HA clusters use redundancy to ensure that a service remains running, so that even when a server
fails or must go offline for service, the other servers pick up the load. The system optimised for maximum
availability should not have any single point of failure, thus requiring a specific architecture (Figure 4).
Two types of HA clusters can be distinguished - shared nothing architecture and shared disk architecture.
In the first case, each computing node is using dedicated storage, whereas the second type of HA cluster
shares common storage resources, interconnected by Storage Area Network (SAN). The operation of HA
cluster requires normally special software, which is able to recognize the occurred problem and
transparently migrate the job to another node.

> <

=

| SAN Switch 1 U | SAN Switch 2 U

-_I/

Disk Storage 1 Disk Storage 2

0l m_ll_._l
(e

Disk Storage 1 Disk Storage 2

[ Shared disk architecture] [Shared nothing architecture]

Figure 4. High availability cluster with no single point of failure

HPC clusters are built to improve processing throughput in order to handle multiple jobs of
various sizes and types or to increase performance. The most common HPC clusters are used to shorten
turnaround times on compute-intensive problems by running the job on multiple nodes at the same time
or when the problem is just too big for a single system. This is often the case in scientific, design analysis
and research computing, where the HPC cluster is built purely to obtain maximum performance during
the solution of a single, very large problem. Such HPC clusters utilise parallelised software that breaks
down the problem into smaller parts, which are dispatched across a network of interconnected systems
that concurrently process each small part and then communicate with each other using message-passing
libraries to coordinate and synchronize their results. The Beowulf-type cluster [17], which will be
described in the next section, is an example of the HPC system. Beowulf system is the cluster which is
built primarily out of commodity hardware components, is running a free-software operating system like
Linux or FreeBSD and is interconnected by a private high-speed network. However, some Linux clusters,
which are built for high availability instead of speed, are not Beowulfs.

While Beowulf clusters are extremely powerful, they are not for everyone. The primary
drawback of Beowulf clusters is that they require specially designed software in order to take advantage
of cluster resources. This is generally not a problem for those in the scientific and research communities
who are used to writing their own special purpose applications since they can use PVM or MPI libraries
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to create cluster-aware applications. However, many potential users of the cluster technologies would like
to have some kind of performance benefit using standard applications. Since such applications have not
been written with the use of PVM or MPI libraries, such users simply cannot take advantage of a cluster.
This problem has been limited the use of cluster technologies to a small group of users for years.
Recently, a new technology, called openMosix [18], appears that allows standard applications to take
advantage of clustering without being rewritten or even recompiled.

OpenMosix is a "patch" to the standard Linux kernel, that adds clustering abilities and allows
any standard Linux process to take advantage of a cluster's resources. OpenMosix uses adaptive load-
balancing techniques and allows processes running on one node in the cluster to migrate transparently to
another node where they can execute faster. Because openMosix is completely transparent to all running
programs, the process that has been migrated does not even know that it is running on another remote
node. This transparency means that no special programming is required to take advantage of openMosix's
load-balancing technology. In fact, a default openMosix installation will migrate processes to the "best"
node automatically. This makes openMosix a clustering solution that can provide an immediate benefit
for many applications.

A cluster of Linux computers running openMosix can be considered as a large virtual SMP
system with some exclusions. The CPUs on a "real" SMP system can exchange data very fast, but with
openMosix, the speed at which nodes can communicate with one another is determined by the speed of
the network. Besides, openMosix does not currently offer support for allowing multiple cooperating
threads to be separated from one another. Also, like an SMP system, openMosix cannot execute a single
process on multiple physical CPUs at the same time. This means that openMosix will be not able to speed
up a single process/program, except to migrate it to a node where it can execute most efficiently. At the
same time, openMosix can migrate most standard Linux processes between nodes and, thus, allows for
extremely scalable parallel execution at the process level. Besides, if an application forks many child
processes then openMosix will be able to migrate each one of these processes to an appropriate node in
the cluster. Thus, openMosix provides a number of benefits over traditional multiprocessor systems.

The openMosix technology can work in both homogeneous and heterogeneous environments,
thus allowing to build clusters, consisting of tens or even hundreds of nodes, using inexpensive PC
hardware as well as a bunch of high-end multi-processor systems. The use of openMosix together with
new Intel's Hyper-Threading technology, available with the last generation of Intel Xeon processors,
allows additional improving of performance for threaded applications. Also existing MPI/PVM programs
can benefit from openMosix technology.

4. Latvian SuperCluster (LASC) as an Example of Cluster System

In this sections we will describe an example of the Beowulf-type cluster (Figure 5), called LASC
(Latvian SuperCluster), which was installed at the ISSP during 2002 [19]. The main goal of the LASC
project is to secure researchers with an access to HPC system, able to help in a solution of modern
physical problems by numerical simulations. The need for such installation is determined by a complexity
of tasks appearing now within fundamental and applied research projects in solid state physics and
materials science. Currently, the main use of the cluster is devoted to quantum chemistry calculations,
Monte-Carlo modelling and x-ray absorption spectra analysis.

A specific sort of physical problems and a limitation of financial resources forced a careful
choice of hardware and software components for the cluster construction. At the planning stage, several
criteria have been taken into consideration to optimize the cluster configuration:

e  high speed for numerical calculations,

e large amount of physical memory, able to accumulate huge arrays appearing in quantum chemistry
calculations,

reliable hardware with a possibility of upgrading and expanding,

high speed networking between cluster nodes,

easy maintenance and administration,

secure access on pre-registration basis,

e lowest total cost.

As one can note, the last requirement is somewhat controversial to others therefore a
compromise have to be done. The "best" solution in the spring 2002, conforming mostly to specified
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requirements, was a cluster of SMP servers, equipped with two Intel Pentium-III CPUs and
interconnected through the Fast Ethernet switch. Therefore, the present cluster configuration (Table 2),
adopted according to the available budget, consists of five nodes (one front-end node plus four
computational nodes), which are Compaq ProLiant ML350 G2 servers. Only the front-end node has a
connection with the rest of the world (Internet) using one of the Network Interface Cards (NICs). The
other NICs on all nodes are connected to a HP ProCurve 2312 Fast Ethernet switch. The total resources
available to the users are 10 CPUs, having a peak power about 13 GFlops, 20 GB of physical memory
(RAM) and 336 GB of storage space on UATA-100 IDE/SCSI hard disks (expandable up to 3.3 TB).

HP ProCurve Switch 2312,

12 ports x 10/100 Mbps
Internet

\ | / Compag ProLiant
ML350 Generation2

Linksys ProConnect
8-5Station CPU Switch

Figure 5. LASC structure. The APC Smart-UPS are note shown

TABLE 2. Technical details of Latvian SuperCluster.

1. Front-end (master) node - Compaq ProLiant ML350 G2 server

e Two Intel Pentium® 11l 1.26 GHz FC-PGA2 processors with 512-KB second level ECC cache
ServerWorks LE 3.0 Chipset with 133-MHz Front Side Bus
4 GB PC133-MHz Registered ECC SDRAM memory (RAM)
Compaq NC3163 Fast Ethernet 10/100 Mbit/s NIC (embedded) PCI 10/100
Intel® PRO/1000 XT 64bit PCI Server Adapter (8490XT)
IBM Deskstar 60.0 GB 60GXP (7200 rpm) UATA100-IDE Hard Drive
Maxtor 120 GB DiamondMaxPlus9 (7200 rpm) UATA133-IDE Hard Drive
Promise Technology Ultral00 TX2 PCI Controller Card
Compaq 36.4 GB (10000 rpm) Hot Plug Wide Ultra3SCSI Hard Drive
40x IDE CD-ROM Dirive
1.44 MB Floppy Drive
Integrated ATI RAGE XL Video Controller with 8-MB SDRAM Video Memory
Integrated Dual Channel Wide Ultra3 SCSI Adapter

2. Four computational nodes - Compaq ProLiant ML350 G2 servers
e Two Intel Pentium® 11l 1.26 GHz FC-PGA2 processors with 512-KB second level ECC cache
ServerWorks LE 3.0 Chipset with 133-MHz Front Side Bus
4 GB PC133-MHz Registered ECC SDRAM memory (RAM)
Compaq NC3163 Fast Ethernet 10/100 Mbit/s NIC (embedded) PCI 10/100
IBM Deskstar 60.0 GB 60GXP (7200 rpm) UATA100-IDE Hard Drive
Promise Technology Ultral00 TX2 PCI Controller Card
40x IDE CD-ROM Dirive
1.44 MB Floppy Drive
Integrated ATI RAGE XL Video Controller with 8-MB SDRAM Video Memory
Integrated Dual Channel Wide Ultra3 SCSI Adapter

3. Five APC Smart-UPS 620V A (one for each node)
4. Hewlett Packard ProCurve Switch 2312, 12 x 10/100 Mbps
5. Lynksys ProConnect 8-Station CPU KVM Switch

6. Monitor 17" Compaq V7550 (0.25, 1600x1200 max, Flat Screen), Keyboard, Mouse

13
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All main software, installed on the LASC cluster, is of open source type and is available for free
under GNU public license. The nodes are running under the Red Hat Linux operating system on the
private subnetwork, protected from the Internet by a firewall. The cluster is accessible only via secure
shell interface (SSH2) and, additionally, the authorisation by the client's IP address is performed. For
users convenience, all information related to the cluster use and its real time status is available on-line
from the Web [19].

The storage disks space in the cluster is shared among all the nodes via Network File System
(NFS), so that all data as well as home directories of the users are accessible on all nodes in a similar way.
The users applications can run in interactive mode, in background or in batch mode. At present time, to
launch an application on the particular node, the user should login to that node first or use an automatic
job submitting system, called CLRUN. The CLRUN system allows (i) to submit a job from any node to
any node for execution and (ii) to display the load for every node and all user's processes on each nodes.
In the future, we plan to install openMOSIX load balancing system to improve the overall cluster
performance and to simplify its use. The programming environment available to the users consists of the
GNU set of compilers (C/C++/Fortran/Pascal) and the Intel's C++/Fortran compilers, which have better
degree of optimization and able to automatically parallelise a user's code on SMP systems. To use the
entire cluster's computing resources within user's applications, the popular clustering libraries such as
PVM and MPI are available.

The LASC system represents a classical example of the "home-made" Beowulf cluster. Similar
systems can be easily build for other than scientific needs with possibly even lower price. As an example,
standard off-the-shelf computers, equipped with much smaller memory and thus being much cheaper, can
be used as nodes in a cluster for multimedia encoding applications, such as sound MPEG-3 or video
MPEG-4 processing, and for images rendering to create stunning three-dimensional graphics.

5. Future trends - Grid computing

As computer networks become cheaper and faster, a new computing paradigm, called the Grid
[2], has evolved. The Grid is a large system of computing resources that performs tasks and provides to
users a single point of access, commonly based on the World Wide Web interface, to these distributed
resources. Users consider the Grid as a single computational resource. Resource management software,
frequently referenced as middleware, accepts jobs submitted by users and schedules them for execution
on appropriate systems in the Grid, based upon resource management policies. Users can submit
thousands of jobs at a time without being concerned about where they run. The Grid may scale from
single systems to supercomputer-class compute farms that utilise thousands of processors. Depending on
the type of applications, the interconnection between the Grid parts can be performed using dedicated
high-speed networks or the Internet.

By providing scalable, secure, high-performance mechanisms for discovering and negotiating
access to remote resources, the Grid promises to make it possible for scientific collaborations to share
resources on an unprecedented scale, and for geographically distributed groups to work together in ways
that were previously impossible. Several examples of new applications that benefit from using Grid
technology constitute a coupling of advanced scientific instrumentation or desktop computers with remote
supercomputers; collaborative design of complex systems via high-bandwidth access to shared resources;
ultra-large virtual supercomputers constructed to solve problems too large to fit on any single computer;
rapid, large-scale parametric studies, e.g. Monte-Carlo simulations, in which a single program is run
many times in order to explore a multidimensional parameter space.

The Grid technology is currently under intensive development. Major Grid projects include
NASA’s Information Power Grid, two NSF Grid projects (NCSA Alliance’s Virtual Machine Room and
NPACI), the European DataGrid Project and the ASCI Distributed Resource Management project. Also
first Grid tools are already available for developers. The Globus Toolkit [20] represents one such example
and includes a set of services and software libraries to support Grids and Grid applications.
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JUis psma dYenoBeKO-MAIIMHHBIX, IPOW3BOICTBEHHBIX IPOTPAMM OTCYTCTBYET BO3MOXKHOCTH
MOJTy4eHHs TIEPUOMUECKOI OnepaTUBHON MH(POPMAIIMK O XO/€ MPOU3BOACTBA (HANPUMED, /ISl JIECHOTO
XO3SICTBA U JIecopa3zpabOTOK, PRIOHOTO XO3SHCTBA, CENbCKOXO03MHCTBEHHBIX IpOrpaMM cbopa yposkasi Ha
pa3OpocCaHHBIX IUIOIIAJAX, psiia CTPOUTENBHBIX MPOW3BOJACTB C YAAJEHHBIMU Jpyr OT Jpyra
CTpoMIIIONIagKaMi U Jp.) B 3TuxX ciydasx oOciefoBaHHE XOAa MPOM3BOJCTBA MPEACTABIIACT COOOM
JIOPOTOCTOSIIYIO, @ UHOT/Ia ¥ BeChMa 3aTPYJHEHHYIO MIPOLENypy.

PaccmarpuBaroTcss MoI€IM OLIEHKM ONTUMAJIBHOTO IIara KBaHTOBAHUS Ui peai3ally Onpoca
X0Jla MPOU3BOJACTBA Ha JTale ONEepPaTUBHOrO KOHTPOJA. I[IpOM3BOACTBEHHBI MpPOLECC MOABEPKEH
CIIy4aifHBIM BO3JICHCTBHSIM, a €ro creruduka TpeOyeT HCIONb30BaHUS MEPHOAMYCCKIX WHCIEKIUH O
COCTOSSHUH KOHTPOJIMPYEMOH CHCTEMBL. B cTaTbe paccMaTpHBarOTCS MOJENN OIpPEICIICHHs IIara
KBAaHTOBAHUS [UIA CIIOKHBIX YIIPABISAIOMIMX CHUCTEM, Ha KOTOPBIE MPAKTUYECKH HE HAKIIAJBIBAIOTCS
HUKakuX orpaHmdeHuid. [lociemHee CyIecTBEHHO pacUIMpsieT KIacC pacCMaTPUBAEMBIX IIPOIECCOB H
SABIICHUHA. B 9acTHOCTH, 3T MOAETH MOXXHO NPHUMEHATH JJIS KOHTPOJS HECTAMOHAPHBIX CITyYailHBIX
MIPOIIECCOB.

1. BBenenue

Mozenu KOHTpOJsL XOJa IPOM3BOACTBA B OOCTAaHOBKE HEONPENESNEHHOCTH TMONYyYWIHd B
HACTOSIIEee BpeMsl IIIMPOKOE pa3BUTHE U IpuMeHeHue [babyHamBwmm u ap. (1967), Dmp-Caun u boydep
(1985), Kycuak (1986), I'onenko-I'un30ypr n Cunyanu-1rtepn (1989), Konosanos u I'onenko-I ma30ypr
(1999), u np.]. 9T Momenu OOBIYHO OTHOCATCS K YEIOBEKO-MAIIMHHBIM CHCTEMaM CO CITyJailHBIMH
mapaMeTpaMH, U1 KOTOPBIX BBEIXOHOW MPOAYKT MOXKET OBITh OMPENeNIéH TONBKO MyTEM 00CIeIOBaHUS B
TOYKAaX KOHTPONSA. B Memsx KOHTpPONS Takoro poja CHCTeM HEOOXOIOMMO TIIPEeKIEe BCEro BHIOpAThH
HauOojee XapaKTepHBI, OOOOMIEHHBIH TOKa3aTellb, C IIOMOIILI0 KOTOPOTO MOXXHO OBUIO OBl
AQHATM3UPOBATH COCTOSIHUE CHCTEMBI U ONPENETUTh XapakTep U BEIMYNHY HEOOX0ANMOTO YIPABIISIONIETO
BO3JIEHCTBUA. 3a Takoi 0OOOMIEHHBINA TMOKAa3aTeNh MOXHO, HAPUMEpP, MPUHATH WHTETPAIBHBIN 00BEM
BBIMOJIHEHHBIX Pa00T, KOTOPBIA MOXET OBbITh BBIPAXKCH a) B CTOMMOCTHBIX IIOKasaTesix; O0) B

HATypPaJbHBIX MOKA3aTENsAX - TOHHAX, M , IITyKax | T.[.; B) B IIOKa3aTele TPyAOEMKOCTH — YEJIOBEKO-
4yacax.

B 3aBucumoct oT Buaa u crenupuKy paboT, BXOJSIIMX B IPOU3BOJCTBEHHYIO IMPOrpammy,
BbIOMpaeTcs HanbOoJiee yJI0OHBIN U3 BhIIIEYKa3aHHBIX NOKa3aTesied. Tak, HanpuMep, Uil CTPOUTEILHOTO
IPOU3BOACTBA, XapaKTEpHU3YIOLIErocs OONBIIMM Pa3HOOOpa3ueM HATypajbHBIX IOKa3aTeled 00bEMa
pabor, HanboJee yH0OHBIM SBISETCS CTOMMOCTHBIH OKA3aTeb.

PaccmoTtpum mpocteiiinyro 11l JaHHOW NPOW3BOJICTBEHHOM MporpaMmbl paboTy NMpOHU3BOJILHOM
JuITenbHOCTH. J{imst paccMarprBaeMoii paboOThI cuMTaeM 3a/IaHHBIMU CIEyIOIue napameTpsl [3]:

1) naHOBBIM CpPOK OKOHYAaHHMS paboTsl t ;
2) JOIyCTHMbIC PEEIbl OTKIOHEHHUs OT CPOKA OKOHYAHHUs 3T0i padotsl At ;

3) ONTHMMCTHYECKHI CPOK OKOHYAHHSA PaboTe T ;
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4) meccHMHCTHYECKHI CPOK OKOHJaHHs paboTel .

Paccmorpum BBenEHHBIE ompeneneHus: Oosnee moapoOHo. [1ockoabKy Ha BBIOJTHEHHS PAaOOTHI
OKa3bIBAIOT BIUSHUS CITydaifHbIe BO3AEHCTBHS, OOCTOSTEIHCTBA M IOMEXHU (CirydaiiHble cOou B paboTe
00opyIoBaHNUs, HEBBIXOA Ha paboTy mepcoHana 1mo 60Jie3HH, U T.1.), KaK CKOPOCTH BBIIOJHEHUS paboTEHI,
TaKk U IPOJODKUTEIBHOCTb IIOCIHEAHEH HOCAT Cly4yaiHbId XapakTep U SBIAIOTCSA CIy4aWHBIMHU

BCJIMYMHAMH. HO}I ONnMmuMucmu4ecKkum cpoKom to MBI 6y,HCM BOpEAb MOHUMAThb MOMCHT OKOHYAHUS

paboThl, MOCTUTHYTBIH IIPH MAKCUMANLHOU UHMEHCUGHOCTY HANWYHBIX IPOU3BOJICTBEHHBIX U
MarepualibHbIX pecypcoB (Hampumep, paboTa B CMEHY C MaKCHMaJbHBIM KojudecTBOM 4acoB). Ilox

neccumucmu4ecKkum CpoKom tnc MBI 6yI[CM IIOHMMAaTh, COOTBETCTBEHHO, PE3YJIbTAT, IlOCTI/IFHyT}Jﬁ npu
MUHUMATbHOU WHTEHCUBHOCTH HAJIMYHBIX PeCypcCoB. Yro xacaeTcs niaHo8o2o CpOKa OKOHYaHU pa6OTLI
t,, t,<t, <t
MHTEHCUBHOCTEH HAJINYHBIX MMPOU3BOACTBCHHBIX PECYPCOB. SaMCTI/IM, 4TO HOpu JII000H  CTEemneHu

HWHTCHCUBHOCTHU XOJda MPOU3BOJACTBA Ha HOCJ'IGZ[HI/IfI BJIUAKOT CHy‘laﬁHLIC BOSHeﬁCTBHH n IIOMCXH,
BCJICACTBUE YE€TO 6Ce ONMMCAHHBIE BBIIIE CKOPOCTH BBIITOJITHEHUA pa6OTLI - OIITUMHUCTHYECCKAs, IIJTAaHOBAsA U

TO TIOCHEAHWI TUIAHUPYETCST Ha OCHOBE YCPEOHEHHBIX XapaKTePHCTHK

i > mc ?

IIECCHMUCTHYECKAs — HOCAT CilydaiHbId Xapaxtep. Ilox mapamerpamu t, t u t _ c;emyer mostomy

et
MOHUMATh CpeoHue 3HaueHus, TIONYyYCHHbIE MpPU HCHOIB30BAHUM COOTBETCTBYIOIINX CITyJalHBIX
CKOpOCTEH.

OueBHIHO, IJIAHOBAsA, ONTHUMUCTUYECKAas] M IMECCHMUCTHUYECKAs AJIMTEIBHOCTH PabOThl OymyT

BBIPAXKaThCsl, COOTBETCTBeHHO, uepe3 t —t , t —t wmt —t ,roe t, —MomenT Hauana paGor.
[IaHOBHBIN 00BEM BBHIIOTHIEMOM pabOTHI pacHpenemnseTcs B 3aJaHHOM MIPOMEKYTKE BPEMEHH OT
t, mmo t B COOTBETCTBHH C TEXHOIOTUYECKUMH H JPYTHMU TPEOOBAHHAMH.
JlaHHOE pacmpeneieHrde Ha30BEM IIOTHOCTBIO paclpeieicHus 00béMa paboT MO0 BPEMEHH H

o6o3naunm uepes 1I(t). OueBumHO, MHTErpam OT IJIOTHOCTHM pacmpeieleHus oObEMa paGoThl JaéT

ILUIAHOBYIO MHTErPAIbHYIO KPUBYIO X0z1a pabot Bo Bpemenn V, (t). Torna nerko Bugets, 4ro

V., ()= [Ti(dt, (M)

Vo= j TI(t)dt, @)

t

H

rue Vrm — IUTAaHOBHIH, 3apaHee 3aJaHHBIN 00BEM IIPOU3BOCTBA, HEOOXOIUMBIH /IS 3aBEPIICHUS JaHHOM

paboTsI (TIporpamMmel).

Hamnume ciydaiiHOi cKOpocTM XO#a MPOM3BOJACTBA OOBIYHO BBI3BIBAET  OTKJIOHEHHUE
(haKTHIECKOTO COCTOSHHUS CHUCTEMBI OT IUTaHOBOro. DyHKIMEW PEeTyaMpoBaHMS XOAa AAHHON paboThI
ABISIETCSL YCTPAHEHNE DPACCOTIIACOBAaHMN MEXKTy HCTHHHBIM M IIIAHOBBIM HWHTETPAbHBIMUA 00BEMaMHU.
[TosToMy B mpoliecce OCyIIECTBICHHS JAHHOW pabOTHI C IEIBbI0O KOHTPOJS MPUXOIUTCS CPAaBHHBATH
MCTUHHYIO MHTETPAIbHYIO BEIUYMHY 00bEMa BBIMOJIHEHHS paloT, SBISIOIIYIOCS CITy4aifHOW BEIUYHUHOM,

C IIJIAaHOBBIM HWHTCIpaJIbHBIM 00BbEMOM B OHpe)leﬂéHHble MOMCHTBI BpPEMECHU ti , KOTOPBLIC IOJI’KHBI

OMpPEeNeNAThCS BBIOOPOM IIara orpoca.
2. MopeJb onpeeseHusi Iara onpoca cuCTeMbI

Jns nanpHeWmMX pacCy)XICHUH II0 ONpeleNieHuIo Inara ompoca ooparumcs K Puc. 1, rhe
V_(t) - mnaHoBas uHTerpanbHas KpHBAs, IIOCTPOEHHAs 10 OLEHKE CPEAHETO BPEMEHH
npozoipkuTensHocTH  padots; V(1)  — riaHoBas uHTerpanbHas KpHBas, COOTBETCTBYHOLIAs

ONTUMHCTHYECKOI CKOPOCTH BbINONHeHns paGotsy; V. (t) — aHanornumas kpusas, mOCTpOeHHas Ha

ocHOBe TieccumucTrueckoil onenku; V(t) — dakruueckas kpusas, CTposIIascs B IPOLECCE Pealu3alliu

JTAHHOM PabOoTHI.
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w1

Puc. 1. T'papuyeckas oieHKa MOMEHTa Onpoca

IlepemectnM KpuBY©O V, (t) B manpasinenun ocu aGeryce TakuM 00pa3oM, YTOOBI TOUKA

(t,,V,,) cosnana c Touxoii (t,,V, ). Torna HaansHas Touka B Gpynkumu V, (t) nmepemecrurcs us

1 2
toukn (t,,0) B Touxy (t,,0). Ouenmno, uro ecim naxe no0 Momenra t, paGoTsl BOOOIMIE HE

BBITIOJHSAINCh, HWMEETCS BEPOATHOCTh, OTIMYHAs OT HyJs, B CIy4ae ONTHUMAIBHBIX YCIOBHH
UCTIONIb30BAaHMS HAJIMYHBIX MPOW3BOJUTENFHBIX W MaTEpPHAIbHBIX PECYPCOB, BBINOJHUTH 00BEM PadbOT

V., kcpoky t . Eciu xe onpoc GyneT NpousBeH HO3KE MOMEHTa BPEMEHH t;, TO, MOCKOJIBKY

HAMBBICLIAs CKOPOCTb paboT onpenensiercs kpusoi V (1), cpok t,  yxe He MOxKeT GbITh OOECTICUEH.
Taxum 06pa3oM, IEPBEIA OIPOC MOXKET OBITH MPOM3BEAEH B CPOK, OMPEIACIAEMBIN TPOMEKYTKOM

(tH,t 1) . [lpunsas npenenpHoe 3HaYeHue t, u IpoBens OMPOC, Ml HOMYYMM CBEAEHHS O BBIIOJTHEHHOM
o6béme pabor V(t;), KOTOpBIA paBeH 3HAYCHNUIO V(t) B Touxe ¢ aberuccoit t,. Iposens yepes sty
touky kpusoii (V(t,),t,) muuuro, napamienbHyro ocu abCLUCC, 1O NEPECEUCHHs CO CMEIEHHOM
kpusoit V_(t), momyunm touky c abeumccoit t,, ompememsiouryio, 1O paHee NPHBEAEHHBIM

COO00pakeHMsIM, TPENEIbHOEC 3HAUYCHHE CPOKa BTOpPOro ompoca. [locimemyromue TOYKH ONPEACISIOTCS

AHAJIOTUYHBIM 00pa3oM.

OTMETHM HEKOTOPbIE OCOOCHHOCTH MPEAIAraeMoro METO/a ONPE/ICIICHH S IAroB OMpoca.

1. Ilar ompoca mosy4yaercst He MOCTOSHHBIM, & MEPEMEHHbBIM; YeM OJrKe paboThl K 3aBEpIICHHIO, TEM
Yarie OCYUIeCTBISIETCS] omnpoc. Takum o0pa3om, aisi 00bEKTOB, HAXOMSAIIMXCS B TaK HA3bIBAEMOM
«IIYCKOBOM» WJIM «IPEIITyCKOBOM» IIEPHOJIE, ONPOC OCYIIECTBISAETCS dYalle, 4eM sl Tex, Ha
KOTOPBIX PA0OTHI TOJIHKO HAYATHI.

2. Uewm ayuuwe unér pabora Ha o0bekTe, 1 ueMm Gonbiue npesbimenne V(t) mag V  (t), Tem pexe
OCYIIECTBIIIETCSI OMPOC M TeM MeHbIIe Oyzmer ompocoB. Haobopor, uem xyxke uaér pabora Ha
obbekte, yeM Huke uaér kpusas V(t) orocurensno V, (t), Tem wauie ocymectsisercs ompoc,

BbBISICHCHUE CUTyallUl Ha O6’I)eKTe " MPUHATUC ONCPATUBHBIX YIPABJIAIOIINX BO3}1€I7[CTBI/II>1.

3. CymiecTByeT OIacHOCTb, YTO Ha HEKOTOPOM IlIare ornpoca (B TOM YHCIIe Ha IEPBOM) MbI OKa)KeMCsI Ha
CMEIEHHON KpUBO#. ITO OyZeT UMETh MECTO B TOM ClIydae, €CJIM CKOPOCTh BBIMOJIHEHHs padoT 3a
BpeMsI OT MPEIBIAYIIETO OMpoca (MM OT HaYaJhbHOTO MOMEHTA J0 MEPBOTO OMPOCa) A0 HACTOSIIETO
MPAaKTHYCCKH ObUIA paBHA HYJIO. JTa OMACHOCTh HE OYCHH BEJHKA, TAK KaK BEPOSTHOCTH TOTO, YTO

CKOPOCTb BBINOJHEHNs paboT Oyzer Huwke kpuoil V., (t), cooTBeTCTBYOMmEN NECCMMUCTHYECKHM

OIIEHKaM IPOIOJDKATEIEHOCTH paboT, BechMa Mana. TeM He MeHee TaKoi CITydail BO3MOKEH.
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[TockonbKy BO3MOXHOCTH ABHMKEHHSI CTPOTO IO KPHBOI HEBENMKA, 33jada YHPaBIISIONIETO
OpraHa B 3TOM CJIy4ae COCTOUT B TOM, YTOOBI 00ECIIEYNTh HAUMEHBIIYIO 3a/IeP’KKY OTHOCHTEJIFHO CpPOKa

t

> @ TAK)KC M3MCHUTD yCJIOBUS BBIIIOJIHCHUA pa60T TaKUM O6p330M, YTOOBI IOBBICHTH CKOpPOCTH C TEM,

uTOOBI €€ rpaduK MPoWEN Bhile onpeaensemoii kpusoir V(t) (myTéM mpuBieUeHus! JOMONHUTENLHBIX
pecypcoB, pacummperus GpoHTa padoT H T.IL.).
AmnanuTuueckoe BblpaxeHue s npeaenbHoro momenta (1+1)-ro ompoca (Puc. 2) umeer

CJeIyIOUINHI BUIL:

tgo.,

— i

tiJrl - tnn _(tHJ'l _ti ’ (3)
tg9

rae t. — MomeHT 1-ro ompoca; tgOL, — HeKOTOpas CpelHsi CKOPOCTb, ¢ KOTOPOH HEOOXOMMO

JBUraThCsl, HAYMHAS ¢ MOMeHTa t, , Juist Toro, uto6s! 06bEM padotsl V, — V(t,) Obl1 Obl BBIIONHEH K

t

tgd — HekoTOpas cpemHAT ONTHMHUCTHYECKAS CKOPOCTD.

mi >

Bripaxenue (3) MOXKHO Taxoke 3alucaTh B BUJE

Htgak
t. =t —(t —t kzl—..
i+l 1 ( i 1) (th)l

B PCaIbHBIX CUCTEMaX th , OYCBHUJHO, HC OCTaércs IIOCTOSIHHBIM, TaK KaK IIOCJIC KaXXJI0I'o

“)

OoIrpoca nepeCcMarpruBarOTCsA BCEC BPEMCHHBIC OLCHKHW, B TOM YHCJIE U OIITUMUCTHYCCKUC. B stom ciryqae

HocIeAyolee MpeAeIbHOe 3HaUeHne MOMeHTa onpoca t. , OyJaer ompenessiTbesi TOUKOH INepecedeHust

i+l
NpsIMOW, NPOXOJSIIEH dYepe3 TOYKY KpUBOH V(ti) U TapajulenbHOM ocu  abcIiucc, ¢ HOBOWM

ONTHUMHCTUYECKOM HHTErpajJbHOM KpHUBOM, BHUJ KOTOPOW ONpenenuscs Ha i-M mare. Torma
COOTHOIIIEHHE (3) s 3TOTO CITy4asi 3alUIIETCs CIEAYIOINUM 00pa3oMm:

— i
ti+1 - tnn _(trm _t1) ’
tgd,
rae tgd, — HekoTOpas CpesHsAs ONTUMHMCTHYECKAs CKOPOCTb, XApAKTEPU3YIOWIas MEPECMOTPEHHBIE

TIpesieIbHbIE BO3MOKHOCTH CHCTEMBI IOCIE 1-To Imara.
OdeBHIHO, aHAJOTHMYHOE M3MEHEHHE NPOM3oUAET W B (opmyine (4), KoTopas B 3TOM clydae
3aIAIIETCS CISAYIOINM 00pa3oM:

- tga,

tilztnn_(trm_tl) .
: K 189y

Bce ckazanHOe BbIlIE OTHOCWIOCH K CIIy4yar, KOIJja CKOPOCTh BBINOJHEHHs pabOThl HE MOrja
OBITh HIDKE HYNS W [UIA ONpENeNieHHs IPEAeIbHOT0O MOMEHTa IIOCIeAyIOImel TOYKH Ompoca
WCTIOB30BaJIOCh IpeAebHOe 3HAUeHHE (PaKTHYECKOH CKOPOCTH, paBHOE HYIIO (IpsMasi, mapauieibHas
ocu abcrucc). OQHAKO C BEPOSITHOCTBIO, OJNM3KOM K eAWHMIE, CKOPOCTh BBINOJIHEHHs paboT He Oyner
HUXKE CKOPOCTH, ONpEAENAeMONl NECCUMUCTHUYECKON BpeMEHHOW oueHKoi. Iloaromy, eciu NpuHATH
YCIIOBHE, YTO CKOPOCTH BEIIOJIHEHHSI PabOT HE MOXKET OBITH HIDKE HEKOTOPOH CKOPOCTH, ONPEAeIsieMOM

KpUBOH VHC (t) , To MOMEHTBI ONPOCa MOMKHO HANHTH CIOCOOOM, AHAIOTHYHBIM ONMCAHHOMY BBILIE, C TOH
pa3HHUIel, YTO BMECTO OTPE3KOB, MapajyieJbHbIX OCH aOCIHCC, HMCHOJIB3YIOTCS OTPE3KU JIMHHH,

napajuleNbHbIX V_, Kak 3T0 10KazaHo Ha Puc. 2 juis cilydast JUHEWHOro IpeAcTaBieHus (yHKIUH

mc °

Vo () u V. (1).
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B! B!

i+l Vi+l T

R e - ——

A ——— e —

t t, t

Puc. 2. Criyyaii TMHEHHOTO NpeICTaBICHUS] CKOPOCTEH VO (t) u VHC (t)

AHaJ'H/ITI/I‘IGCKOG BLIpa)KeHI/Ie JJIs1 r[pe,uem,Horo MOMCHTAa (1 + 1) -ro onpoca B O5TOM cnyqae
OyJeT UMeTh CIICAYIOIINI BUJ:
. tgd—tga, tgo, —tgo .
ti+l = tnn + t
tg9 —tgo tgd —tgo

*
jpit ;. — MOMCHT NpPCABIAYHICT 11 5 — HCKOT! ST JIHAA 11 UMHUCTHYCCKAA CK Tb,
(5] tl OoOM€ [ ero ompoca, t €KoTopasa Cpe€ €CC C €CKasa CKOpoC

®)

COOTBETCTBYIOIIAsl KPUBOM Vﬂc (t) . YuuTelBas Tenepb OT Ilara K IIary [EepecMOTp U U3MEHEHHUE
BPEMEHHBIX OIICHOK, BBEIpaKEHHUE (5) 3alUIIeM CIIeIyIOINUM 00pa3oM:
. _ tgd —tga, tgo,; —tgQ; .
tiy = 9 t t 9 t;. (6)
tga; —tgo; tga; —tgo;
[IpenMyiiecTBO OMpoca KOHTPOIUPYEMOH CHCTEMBI IO YKa3aHHOMY aJrOPUTMY TI0 CPABHEHHIO C

MPpEABIAYIINM 3aKII0YA€TCA B TOM, YTO, ITOYTU HE UBMEHIA BEPOATHOCTH NJOCTUKCHUA Vrm K IIJIaHOBOMY

cpoky t__, MBI CyHIECTBEHHO NOHM)KAEM YacTOTY OIPOCa, YTO O3HAYAET IMOHIKCHHE 3aTpaT Ha KOHTPOJIb

I °

NPYU MPAKTUYECKH TOH e 3PPEKTUBHOCTH OIpoca.
3. MogeJb OLleHKH KOJIM4ecTBa NPOQHIAKTHYECKHX OIIPOCOB

PaccmoTpeHHast Bblle MOJENb ONEPAaTUBHOIO KOHTPOJSL IMO3BOJSIET B HEKOTOPOM CMBICIIE
OIITUMAJBHO PELIMTh BOIPOC ONPEAENICHUS YacTOTHl OIPOCOB IS JIIO0OTO paHra HepapXuuecKou
CHCTEMBI yIIPaBIICHUS.

Ecian Ha Hu3meM paHre, Kak yKe paccMaTpUBAJIOCh BBINIE, CUCTEMa MOXKET KOHTPOJIMPOBATh
BBITIOJIHEHHE OJHOW paboThI JIIOOOH UTMTENEHOCTH, TO Ha OoJiee BBICOKMX PaHrax OHa KOHTPOJHPYET
J00YI0 TPyIny paboT HE3aBHCHMO OT HMX KojuduecTBa. OCOOCHHOCTh KOHTPOJISE HA PAa3HBIX paHrax
CBSI3aHA JIMIIb C TEM, YTO Ha KaKAOM M3 YPOBHEH HNPUXOIUTCS KOHTPOJIHPOBATH pabOTHI pasHOM
JeTan3anyy. Yem BhIIIe PaHT, TEM MEHbIIE 1eTaIU3UPOBaHbl PaOOTHI.

XapakTepHbIM II0Ka3aTeNieM BAXXHOCTH CHCTEMBI, TO €CTb MeEpOoH KECTKOCTH YCIOBHUH
BBITIOJTHEHUSI HEKOTOPOTO COOBITHA (HAIpUMEp, BEHITIONHEHHS OIpPEeNelIéHHOro o0b&Ma paboT), MOXKET
CILy)KUTb TpeOyeMast OT UCIIOJHUTENEH BEPOSATHOCTD BBIIIOJIHEHHS IJAHHOTO COOBITHS K MOMEHTY BPEMEHH

t

KOTOpYIO 0003HAYUM qepes3 pnn . Or10 COOTBETCTBYET 3aJaHUIO OOIIYCTHMBIX I'PAaHUL] OTKJIOHCHHUA

mi
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At or t, ¥ o3Hauaer, YTO eCIU I OKOHYAHWsS PACCMATpPUBAeMOll paGOTbl HEOOXOAMMO JIMLIb

OKOHYAaHHE HEKOTOPOH MOApaboThl C MECCHMMUCTHUECKOH JUIMTENBHOCTHIO MeHblnei, yem At TO

w1’
MOJXXHO CYHTATh, YTO JaHHas pa60Ta YK€ BBITIOJIHEHA. HOC—)TOMy C TOYKH 3pCHUSA PEryJIrupOBaHUA
Imporecca BhIITOJIHECHUA pa6OTBI HET HCO6XOILI/IMOCTI/I KOHTPOJHUPOBATH pa6OTBI JJINTCIIBHOCTBIO MeHLmeﬁ,

yem At

paboTHI.

1 » YTO, OYEBUIIHO, JIE€NIACT JAHHBIA MapaMeTp HEKOTOPOH MEPOH JeTanu3alui pacCMaTpUBAEMON
UHTepecHbIM TIpejicTaBIsAeTCs clydaii, korna kpuas V(t) cosmamaer c VHII (t), To ectn

OCyIIecTBIICHHEe paboThl HIAET TOYHO IO IUIAHYy. B 3TOM ciydae OIpOCHI, OCYILIECTBIAEMbIE IO
NPUBEIEHHOMY JITOPUTMY, OyIyT UMETh IPODUIAKTHYECKUIT XapaKTep.
[TokaxxeM, YTO KOJIMUECTBO MPOPHUIAKTUUECKHX TOYEK ONPOCAa N IPU 3TOM COCTABIISET:

- wist cnyyass V. =0 (crparerns I)

n=—-——---; (7

- wist cydast Vo # 0 (crparerus 11, oroGpaxenHas Ha Puc. 2)

t,(t,—t,,)

In j—)*
Annt tHJ‘I _tO

n=

) ®)

* ..
rae trm 03Ha4YacT CPOK OKOHYaHUA pa60TLI, €CJIM B TCEYCHUE BCCIo0 BPEMCHHU €€ BbLIIIOJIHCHUA
UCnojib306ajacb MoJjIbKO neccumucmudeckaslt CKopocms, HO npu Hauxydme/w cmedeHuu 06cm0ﬂmeﬂbcm6,

mo ecmbv d)(lk'mulw‘CKaﬂ CKOpOoCnib paeHAlaAcCb HuUdiCHell epanu neccumucmu4eckoul CKopocmu Vm, .

IIpumem, 4TO UCNONB3yEMbIE UHTErPAIbHbIE KPUBbBIE Vo(t) u Vm(t) SIBIIIFOTCS JIMHEHHBIMH,

TO €CTh UMCIOT MECTO COOTHOIICHWA

v
Vrm ( t) = t’
b ©)
V
Vy(t)=—"11
t
CHauana paccMOTpUM Clly4ail cTpaTerus I, To ectb ciaydail vV = 0.
MOo3xHO NOKa3aTh, YTO UMEET MECTO
v(t)
ti+1 = t1 + Vnnl (trm _t1)9 (10)
rae V( t. ) =V, ( t, ) €CTh COCTOSHME BBIIOJNHEHHS paboTsl B 1 -ii MoMeHT ompoca t;. YunTsiBas
COOTHOLIEHHE
VL) _
g 11
Vl'l)'[ tl'IJ'l , ( )

MBI MOXeM u3 popmydsl (11) momyunTs

t
ty =t +| I=——|-t;. (12)

W3 nocneHero BeIpaXeHHs NOTyYUM OLEHKY (i + 1) -Tro MomeHTa ompoca
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t
t,—t = l_t_l '(ti _ti—l)' (13)
T0 BBHIPAXKEHHE MOXKET OBITH 3aITHCAHO B BHJIE
t, |
t,—t = l_t_ -t (14)

1

Ha ocHOBE 04€BHAHOTO COOTHOIIEHHUS
Z(tm -t ): Lo
i=0
tdhopmyna (14) npeoOpasyercs B

1
0

ty =, -t 1. (15)

i=0 Tt

IMockonmeky t; <t MOXXHO JIETKO BHIETh, YTO MpaBas 4acTh (15) ecTb CXOMSMIMIMUCS PSI.

mi °

IIpeobpasys (15) B Buzge
n t ! 0 t !

=t 2 [ 1=+t D [ 1-— |, (16)
i=0 [ i=n+1 [

MOXHO YCTaHOBUTD, YTO 3HAYCHUE

i
o0
t
Qn = tl Z 1_ 1
i=n+1 tm
€CTh OCTAaTOYHBIN WieH cxofsmerocs psaa (15).
YYHTBIBasA, UTO COTIACHO ONPEACICHUS OUIHOKA alIPOKCUMAIIIH PEATH3ANN X012 BBIITOIHEHHS

paborst At dakrnyecku cosmagaer ¢ Bemmumnoit Q. , momoxum Q, = At . ®opmyna (16) npu
STOM IPHOOpPETAET CIEAYIOIIHN BU/
i
= t
= 1
ty, =t +t, Y |1 AL . (17)
i=0 I
YuuteiBasg, 4TO 3HAYEHHE TIOJ] 3HAKOM cyMMmupoBanus B (17) ecTh cymMma 4JIE€HOB psiia
YMEHBIIAIOIIEICS TEOMETPUYECKON MTPOTPECCUH, MTOTYyHaeM

n+l

1 t t

i 1 1

= t i t t
6y 1—t—1 =t o | 1-— || 1-—1
i=0

IToacraBnsas mocnennee Buipaxkenne B (17) W BBIONHAA PSA MPOCTBHIX MPeoOpa3OBaHUM,
HoJy4yaeM

n+l

At t
LSS It ) (18)
tl'lJ'I tl'lJ'I
N3 KOTOPOr'o JIETKO OIpCALCIIAeM
At
ln T1J1
tl'l_TI
n-= —t - 1 . (19)
In| 1-—1
t

1

INockonbky (cM Puc. 2) umeer mecto t  —1t, =1,, MOXHO caenaTh BEIBOJ O TOM, YTO MMEET

MECTO paBeHCTBO (7), TO €CTh HaIlle yTBEP)KICHUE B CIydae CTpaTerHu | OKOHYaTeIhHO TOKa3aHO
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n=—"9, (20)
In—
t

I
JlokazarenbCcTBO UCTHHHOCTH cooTHoIIeHU (8) B ciydae crpateruu 1l ocymectsieHo B [6]. U3

o *
coorHowenuii (7) u (8) BbiTekaer, yro B ciydae V>0, 1o ectp t <00, 3nauenne (8) Bcerma

MeHbIe BenuuuHBI (7), TO ecTh crparerus Il sBusgercs Oonee >hdexkTHBHON, Hexenmu crparerus l.
[NocnenHee MONMHOCTHIO MOATBEP)KAAECT BHIBOABI MIPEABIAYILETO pa3ena.

4. Ucnosb30BaHue MO/ICJIM ONIPOCA B HEPAPXHYECKHUX CHCTEMAX

B kauecTBe THIOBOW HMepapXW4YeCKOW CHUCTEMBI PAacCMaTpPHBAETCs CETEBask MOAENb OOJBLIOTO
O6'béMa C IMMPOU3BOJILHBIM YHUCJIIOM pa60T Ha KPUTUYCCKOM IMIYTHU U C HCKOTOPBIM HadaJlbHBIM U KOHCYHBIM
coobrrusvmn A u B . Tpousseném cremyrontyro HyMepamu MepapXH4eckoil CTPYKTYphI: BEPXOBHBIH
3JIEMEHT HA30BEM 3JIEMEHTOM HYJIEBOTO PaHIa M C ITOHM)KEHHEM paHra OylieM yBEIW4YHMBaTh €ro HOMep.
OueBUIHO, MOXKHO CUMTATh, YTO KaKIas dJIEMEHTapHas paboTa, KOTOpas BXOAWT B AAHHYIO CETh,
coctapiser K -i, OKOHEYHBIH, paHI HEKOTOPOH HEepPapXHUeCKOdl CTPYKTYphl  yHpaBIEHHS
paccmarpupaembivu paspabotkamu u (K —1) -if panr stoit cTpykTyphl — Os1Ha ykpynHEHHAs pabota,
BKJIIOYaloNmias B ceOs BCIO JaHHYIO ceTh. Jlpyrumu cioBamu, OyJeM paccMaTpuBaTh KaskAylo
3JleMeHTapHyt0 paboTy, BXOMSIIYH0 B YKa3aHHYIO CETh, Kak MOJCHCTeMYy K -ro paHra HeKOTOpOi
OouIbIION cUCTEMBI. 311eCh I0J] ITOACHCTEMON IMoJpa3yMeBaeTcsl MMOJYMHEHHAs yIpaBisieMas CHCTeMa,
ITOPUTM (YHKIMOHUPOBAHMS KOTOPOHM HalpaBieH Ha PEaIM3al{I0 ajlrOpUTMa YIpaBJICHHs OOJIBLION
CHCTEMOH B COOTBETCTBHHU C IPUHATHIMHU KPUTEPUSIMH YIPABICHHS.

Bribepem u3 Bcex M paGoT, MeKamMX HA KPUTHUECKOM ITyTH, HEKOTOPYIO 1-10 paboTy, s
KOTOPOH YHCII0 NPODMIAKTHYECKUX OIPOCOB, BhIpaxKeHHOe (GopMyIIoii (7), OKaKeTcss MUHUMAaJIbHBIM, TO
ecTb

ln At TJIr
N, =minN, =min——>—,
1<r<m I<r<m 1 to,
n
t

r/ie, O4YeBUIHO, HIMEET MECTO HEPABEHCTBO
Atrmr < tor < tl'lJ'II‘ °
Ecnu kaxknas pabota, Jiexalnasi Ha KpUTHUECKOM ITyTH, ONPAIUBAETCS YKa3aHHOE YHCIIO pa3, TO

COOTBETCTBYIOIIEC MUHUMAIIBHOE YHCIIO OMPOCOB, HEOOXOIMMOE IS OTPOCa BCETO KPUTHUECKOTO MYTH,
OYEBHUJIHO, OYIET PaBHO

mN. =mminN_,

1<r<m

rae N, — MHHHMaIbHOE YHCIIO OIPOCOB, HEOOXOAMMOE JUIsl ONPOCA KPUTHYECKOTO MyTH IPU HPHHSITOM

netanusaimu t_ ., onpesensemMoi panrom K .

i ?

PaccMoTpum  Temepb ykasaHHylo ceTh kak oxamy pabory (A,B) ¢ nexoropbimMu

XapaKTEPUCTHUECKUMH TapaMeTpamu |

o L, 1 AT, KoTopbie, TomycTnM, CBS3aHBI C IapaMeTpaMu

1 -if paGOTHI CIIEYIOIUM 06Pa3oM:

Tnn = jltnni’
To = j2toi’ * (21)
A’Trm = j3Atrmi’

rac jl . j2 n j3 — MMPOU3BOJIbHBIC HEOTPHUUATCIBbHBIC YHCJIA, OoJIbIINE CAWHUIBI, U JOITYCTUM, YTO

hZ2h2s
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IlpenpsaBuM Tenepp paccMaTpUBAEMOW HEPAPXUUYECKON CTPYKType BIOJHE 3aKOHOMEPHOE
TpeOoBaHMe, 3aKIIOYAIONIeecs B TOM, YTOOBI C M3MEHEHHEM paHTa (C YMEHBIICHHEM HOMepa paHra)
YMEHbIIAIOCh Obl HEOOXOIMMOE JJIsl YNpPaBiIeHUs 4YHUCIO OnpocoB. IIpu 3TOM Haiemy TpeOOBaHHUIO
NpUIAAUM CIEIYIOIINNA BU:

*
N <N,

*

rme N° — umcio ompocos, Heobxoaumoe s onpoca padotsl (A,B) ¢ Touku 3penns peramuzamuu
(k —=1) -ro pawnra, 1o ects mo mapamerpam (21). Jlns TOro uToGBI GBUIO OCYIIECTBIEHO YKA3aHHOE
YCJIOBHE, a TAaK)KE OUEBHIHbIE HEPAaBEHCTBA
Jites 2 Dty 2 LKA,
Tpe6yeTCsl HaNOKNTh OTPAHNYECHHS HA BENIMUMHBL J,, J, U J;.

[Moctymaem cnemyromum oopa3om:

At i At i At i
I N T
N* :ln J2toi — .]2 toi < .]2 + toi — .]2 +minN <
.t 1 t. = i t. i I<r<m -
—_Jz of an_—2+lni an.—2 In—°- an_—2
Jltnni Jl t1'1.11i .]1 tnni .]l
lnj—3 an—3
<92 mminN_ = — (m—-1)minN, +minN, .
ln J2 1<r<m ln—z 1<r<m 1<r<m
J Ji
OTcroza BUAHO, UTO JUTS BHITOTTHEHUS yCIOBUS N* = min Nr JIOCTaTOYHO, YTOOBI
1<r<m
In J—3
L m-minN, <0. 22)
ln Jo 1<r<m
Ji

3amnuiieM 3To HEPABEHCTBO B CJICAYIOILIEM BHUIC:

an.—3 > (m—-1)min N, ln?—l.

JZ 1<r<m _]2
ln At wii
Hanee, yunteBas, uro minN, = o u mpoBeas mpocreiine mpeoGpazoBaHus,
1<r<m ln toi
tnni
TIOJTYYMM TIEPBOE JIOCTATOYHOE YCIIOBUE B BHJIE
. (m-1)
551 n Ay
AL 2%
C Apyroii CTOPOHBI, Y4HTBIBAs yCIIOBHE, paHee HaloxeHHoe Ha cucremy: 1, = AT, to ects
. . j t.
Ity = ;A ., nmeem J—3 < —*—. CreoBaTeNbHO, IMEET MECTO:
JZ Atrmi
(m-1) .
At t .
<ho o (23)
toi .]2 AtHni

3areM, HCHOJIB3ysl HepaBeHCTBO (22), MOJOOHBIM ke 00pa3oM NpOBEAsS COOTBETCTBYIOILHE
HO/ICTAaHOBKH ¥ IPEOOPA30BaHUs, TIOJIYYHM eIIE OJHO JOCTATOYHOE YCIOBHUE:
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Lo Jo | ot . 24)

trmi .]1 toi
OTMCTI/IM, YTO IIOJYYCHHBIC OJOCTATOYHBLIC YCJIOBUSA SABJIAIOTCA TaKXKEC H HeO6X0)II/lM])lMI/l. B

pe3yabTaTe HMMEEM, UYTO H€06XOZ[I/IMLIM U AOCTATOYHBIM YCJIOBHUEM [JId BBIIIOJIHCHUS HEPABCHCTBA

N* = min N sBnsercs BbinoTHE e MeXTy BETUUUHAME j,, j, U J;» 11 < m, onpenensoumu

xapakrepuctuueckue napamerpsl (K — 1) -ro panra, cienyromux cootHomenmii:
(m-1)

At1'mi SJ_3S toi

1 (25)

t . 1 t_

YcnoBust (25) sABIAIOTCS OAHUMHM M3 JIOCTAaTOYHBIX YCJIOBHMHM TPH CHHTE3€ ONTHUMAIBHBIX
HEePapXUIECKHX CTPYKTYP.

5. 3akioueHne

—_—

Pa3paboTaHHbIe MOAENN ONTUMAIBHOTO ONIPOCA CHCTEMBI MOTYT OBITh MCIIOJIBb30BAaHBI IS IIMPOKOTO
KJIacca 4eJI0BEeKO-MAIIMHHBIX WIH I0J[yaBTOMaTHYECKUX CHUCTEM, (YHKIHOHHUPYIOIINX B OOCTaHOBKE
CIIydaliHbIX BO3JCHCTBUNA. DTH MOJCTH SBISIOTCS BaXKHOH COCTaBHON dYacThio Osioka cOopa
uH(pOopMaLUK O COCTOSTHUN O0BEKTa YIPABIICHHUSI.

OnucanHple B pabOTe MOJENM MCIOJB3YIOTCS IPHU KOHTPOJIE XOJa NPOU3BOJCTBA C TpeMs
BO3MOXHBIMH CKOPOCTSIMA — ONTHMHCTHYECKOW, IJIAHOBOH M IECCUMUCTHUYECKOW, KaKmas u3
KOTOPBIX HOCHUT ClTy4aiiHblil Xapaktep. [1oqydeHHbIe pe3yIbTaThl MOTYT OBITh PACIIHPEHBI Ha CIy4Yail
MPOU3BOJIEHOTO KOJIMYECTBA AbTEPHATHBHBIX CKOpocTeil [3,5], 4To mo3BosisieT 00beANHUTD MOJCIH
OIpoca CUCTEMBI ¢ MOJIEISIMU YIIPABIIAIOILIKX BO3AECHCTBUM.
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HNPUMEHEHUME METOJA MATEMATHYECKOI'O
MOIEJUPOBAHUA 11 OHNEHKHA DOPPEKTUBHOCTH
WHBECTUIIUH B JJOXOJHYIO HEJABUXKHUMOCTH

JLJLYCTUHOBHY, B.C. 1IOJIBE3bKO, A. H. KAPABJIMKOB

Bunvurockuu Texnuueckuu ynugepcumem um. I'eoumunaca, Cayremexuo annes 11, Buavhioc,
LT 2040, Jlumea

PaCCManI/IBaeTCﬂ BO3MOXHOCTb CO3JIaHUSI MATEMaTHICCKUX MOJIEIeH JUIsT OIIPEACIICHUS 30H pa3mme0171 CTCIICHU pHUCKa
I/IHBGCTPILH/H‘/’I B JOXOOHYIO HEABUKHUMOCTE. P€3yIIBTaTOM MOJCIUPOBAHUS SABIIAOTCA Hauboee BEPOATHBIE UHTEPBAJIBI BO3MOXHBIX
Bapnaunﬁ nmapamMeTpoB. OrnuchIBaeTcs KOMILIEKC 3aBHCHMOCTeﬁ, COCTaBJIAIOIINX MATEMATHYECKHUE MOJCIN OIIPEACICHUA
CTOMMOCTH IOKYIIKH, PEMOHTA U MPOJAKH OTPEMOHTUPOBAHHBIX Od)HCHLIX HOMBmeHHﬁ.

KuarwoueBble cioBa: CTOUMOCTH, MHBECTULIUH, MHOXKECTBA, 3aBUCUMOCTb, MOJECIIb, 30HBI pPHUCKA.

1. Beenenne

@uHaHCUpPYS WHBECTHIMH B HEIBIXHMOCTb, OCOOCHHO MJOXOJHYIO, HCKIIIOYHUTEIBHO BaXKHO
a/IeKBaTHO OIICHUTH TEHJCHLUM Pa3BUTHS pPHIHKA M 3aKOHOMEPHOCTH YINPAaBICHUS IOAO0OHOTO poja
oOpekTamMu. Ycmex (9((eKTHBHOCTh) HWHBECTHIMOHHOTO TIPOEKTA 3aBHCHUT B IIEPBYIO OdYepelh OT
MPaBUJIBHOCTH U TOJIHOTHI UCCIIE0BAaHNH PhIHKA U METOJOB YNPABICHUSI HEABHXUMOCTHIO, HA/IE)KHOCTH
MOJTYyYEHHBIX PE3ylbTaTOB M MX KBAIM(GHLIUPOBAHHONH 0OpabOTKM C MCHONB30BAHHUEM Pa3JINYHBIX
MaTeMaTHIeCKux mojenei [1,2].

Ycenex HWHBCCTUIIMOHHBIX IPOCKTOB OT CO3JaHUsA W OKCILTyaTalluu OG"beKTOB }10X0]1H0171
HCJABM)KMMOCTHU B YCJIOBUAX prHO‘iHOﬁ OKOHOMHKH BO MHOI'OM OIIPCACIACTCA KauCCTBOM I/IH(I)OpMaLlI/II/I,
Ha OCHOBE KOTOPOI MPUHUMAIOTCSI OCHOBHBIC (DMHAHCOBBIC perieHus [3].

OOBEKTHI JOXOJHOM HEIBIKMMOCTH, KaK M JIpyrasi HeIBWYKUMOCTD OTJIMYAETCS] OT IPOYHX TOBAPOB
MHOXXECTBOM OCOOEGHHOCTEH, Cpeid KOTOPBIX MOXKHO BBIAEIHUTH JOJITOBEYHOCTH, ITOCTOSHHOE
MECTOHAXOX/ICHHE, YHUKAILHOCTh KaKI0T0 00beKTa, OOJIbIasi HHEPTHOCTh Kak ToBapa [4]. M3-3a sTux
0COOEHHOCTEH PHIHOK JOXOIJHON HEIBIKMMOCTH MMEET CBOIO creiuduky. [Io cpaBHEHHIO C pa3BHTOH
MOJIETIbIO KOHKYPEHTHOTO PhIHKA IPOYHMX TOBAPOB PHIHOK HEIBM)KUMOCTH MOXKHO CUHTATh HEJOCTATOYHO
coBepiIeHHbIM [4]. KpoMe Toro, [1st pbIHKa T0XOJHOW HEJBIKMMOCTH XapaKTEPHBI TAKHE SIEMEHTHI, KaK
YACTHBIM XapakTep CHEIOK, CKYAHOCTh MH(OPMAILMKM O TOBapax M CHTyallMd Ha PBIHKE, HEHAIEKHOCTh
3TOl MH(pOpMAanMH, KaXymascs HEJIOTHYHOCTh CHAENOK, HE3TACTHYHOCTh MPEJIOKECHUH, a TaKkKe
KapTellbHbIE COMIAIIEHHS B BOIIPOCAX YIPABJICHNS HEJIBIDKUMOCTBIO. B 3THX ycinoBHAX ocoboe 3HaUeHUE
MpeoOpeTaoT JOCTOBEPHOCTh M IOJIHOTa HWHGOPMAIMH, TOCTATOYHOM JUIsi €€ MaTeMaTHYSCKOW
00pabOTKM ¥ TPUHATHS HAa 3TOM OCHOBE PAIMOHAIBHBIX PEHICHUN M0 WHBECTUIUSM B JIOXOTHYIO
HEJIBIPKUMOCTB U €€ yIPaBIEHHIO.

CrpouMOCTh NMPOAaxK, Kak 1 CTOMMOCTh apeH/Ibl BO MHOT'OM 3aBHCHUT OT KauecTBa 31aHus. [1o stomy
MPU3HAKY pa3IuyaroTcsa TPU OCHOBHBIX Kiacca 3naHuil: A, B u C.

TpeboBanmst K OQQPHUCHBEIM 3HaHUAM KJjJdacca A: KOHIWIMOHEPHL,COBPEMEHHBIH  JUQT,
KPYTJIOCYTOYHasl OXpaHa IMOMEICHNH, aBTOMOOMIIbHAS CTOSIHKA, BCE BHIBI CBA3H, CHCTEMA SKCIUTyaTalluH
3/1aHusl, BHYTPEHHMH JBOpP, HOBBIE MH(OPMAIMOHHBIE TeXHONoTuH. KauecTBo opuCcHBIX 31aHuil Kiaacca
B Taxke 10CTaTOYHO BBICOKOTO YPOBHSI, HO B HUX MOKET OTCYTCTBOBATh CHCTEMa KOHAWUIMOHUPOBAHMUS,
TuQT, WK HETOCTATOYHO XOPOIIO pelleHa MpobiieMa MapKOBKH aBTOTpaHCHopTa. 3aaHus kjaacca C
UMEIOT CpefiHee KauecTBO. IIpakTHIeCKH OHM MOTYT HE yJOBJIETBOPSTE HHU OZHOMY U3 MEPEUHCICHHBIX
Jutsl kiacca A TpeboBaHmid. Yarie Bcero 9To 3jaHus CTapoil HOCTPOMKH.

MoxHO yTBEpKIaTh, 4YTO CYLIECTBYET IIpsMas 3aBUCUMOCTb MEKJY CTOUMOCTbK) PEMOHTHO-
CTPOMTENBHBIX Pab0OT U CTOMMOCTBIO MPOJAK OOBEKTOB NOXOIHON HEJBMKMMOCTH. BMmecte ¢ Tem, Ha
CTOMMOCTh NPOJaK OKa3bIBAIOT CYLIECTBEHHOE BIMSHHUE W Apyrue (hakTophl, HE 3aBHCAIIME OT Kiacca
3/IaHMsl — MaKpOIKOHOMHUECKAsl CUTYyallls B CTpaHe, JeATeNIbHOCTh KOHKYpPEHTOB, MH(PACTPYKTypa U
JpyTHe, TPYIHO IMpPOTHO3UPYEMBbIE CHTYyallMM pbIHKAa. [l03TOMy He BCeraa yBEJIHMYEHHIO CTOMMOCTH
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PEMOHTHO-CTPOUTENbHBIX Pa0OT COMYTCTBYET POCT CTOMMOCTH MPOAAXH. 3II0KEHHOE MOXKHO
MIPOMJUTIOCTPUPOBATH Tpaduiecku (puc.1).

CTONMOCTE

R I

|
1
KNacc NamMeL eHiA

k)

Puc. ], CooTHOICHHUS MEXKAY CTOUMOCTBIO OTHAEIIKU HOMCH.IGHHP’I n HCHOﬁ HUX IIpoJaaxu (TeOpeTI/I‘{eCKaﬂ)

CTOAMOCTE

knacoe nomMelle HiAiA

Puc. 2. ObnacTH CTONMOCTH OTJEIKH IIOMEIIECHUH 1 IIeHbI HX IPOJaXkH (peaabHas)

3mech R — meHa pemoHTa moMerieHui ( ¢ y4eToM HadalbHOW CTOMMOCTH MX MOKYIKH), P — 1eHa
MpOJaXH IMOMEUICHUH, TOATOTOBJIEHHBIX MJIi KOMMeEpYeckod JnesTenbHOcTH. B uHrepBaie OA
WHBECTUIIUN OOCCIICUYUBAIOT TAPAHTUPOBAHHYIO TNPHUOBLUTH, MPEBBICHB OTMETKY A OHH CTaHOBSTCS
YOBITOYHBIMH.

Ha npaktuke neHa peMoHTa noMenieHuid R ¥ cToMMOCTh UX peMoHTa P B pasiuyHbIX CUTyalUsX
MPEICTABISIIOT COOOW MHOMKECTBO 3HaUYeHWH W3 00IacTel, OrpaHMYEHHBIX COOTBETCTBEHHO KPHBBIMH
Ry .. Rnax # Py ---Paax ( puc.2). [loaTOMy peampHO MOXHO TOBOPHTH HE O KOHKPETHBIX 3HAYECHUSX
NPUOBUIBHBIX WM yOBITOYHBIX HMHBECTHLNH, a 00 OTHENBHBIX Yyd4acTKax Ha rpaduke (30Hax), rae
CYIIECTBYET pa3jiMyHasi CTEIICHb PUCKA WHBECTOPA. DTH 30HBI MOTYT OBITh KJIACCH(HUIIMPOBAHBI KaK 30HA
WHBECTUIMH Oe3 pUCKa, 30HA HHBECTUIMA HOPMAJIbHOTO pHCKA, 30HA YOBITOYHBIX WHBECTHIIHIA.
HaxoxxneHue STHX 30H SBJISICTCS TJIABHOW IEJBIO HACTOSAIICH pabOThI, a s €€ JAOCTHKCHHUS
MCHOJIB3YIOTCS METOJIbl MAaTEMAaTUUYECKOIO MOAETUPOBAHUSL.

2. OCHOBBI HAXO0K/ICHUS PA3TUYHBIX 30H PUCKA HHBECTULMIT

Metoapl MOAETHPOBAHUSA IIMPOKO INPUMEHSIOTCS IMPU pelIeHUHM 3aJad CTPaTerundyeckoro
TUIAHUPOBaHUSI ¥ (MHAHCUPOBAHMSI MHBECTULMH KPYIHBIMH NPOMBIIUICHHBIMU KoMIulektamu [ 5]. B
MOCJIE/IHEE BPEMsI OHH BCE Yallle MCIIOJIb3YIOTCS U HEOOIBLIIMMU ITPOM3BOACTBEHHBIME (popMaMu, a Takxke
IIPU PELIEHUH BOIIPOCOB IUIAHUPOBAHHUS U YIPABIECHUS CTPOUTENLCTBOM [ 6].
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Kaxxmplii KOHKpETHBIN Ciydail MaTeMaTHYeCKOTO MOJICITHUPOBAHMS CICHU(PHYCH W 3aBUCUT OT
KOHKpeTHOH obnactu mpumeHeHus [7]. B penkux cioydasx Mojenb, HCIOIb3yeMas B OTHOM U3
HANpaBJCHU HAYKH WM TPAKTUKHA MOXET ObITh HCIHOJIb30BaHa 0€3 MPUHIMIHAIBHBIX M3MEHEHUH B
prFHX 06J'laCT51X. BOJ'II)IJ_II/IHCTBO Hu3 l/ICHOﬂb3yeMle 3KOHOMUHNYECCKUX Moz[enei& ABJISIKOTCA IlI/lCerTHI)IMI/l,
T. €. UICXOAHBIMH NJAHHBIMHU U peSyJII)TaTaMI/I pacqua SABJIAKOTCSA OTACIIBHBIC KOHerTH]:le 3HAYCHUA [8] B
npeyiaraeMoii  MOJEIM OCHOBOM MOJCTHPOBAHUS SBJISIOTCS HAaWOOJEe BEPOSATHBIC HHTEPBAJIBI
BO3MOXHBIX  Bapualuid mapaMeTpoB. Llempro  MoIenupoBaHUs — SBISAETCS HAXOXKICHUE  30H,
XapaKTEPU3YIOMIUX KA4eCTBO HHBECTHIIMOHHBIX PEIICHUH.

Obosnauenus: k — xkmacc momemennit; k=1,2,3,... (ke N) ; P(k) — ueHa nmpomaxu moMemenuit; Pyn(k),
P.x(k) — MuHUManpHas W MakCHMaibHAs LEHBI Mpomaxu moMmemeHui; R(k), Ruyin(k), Ruax(k) — meHa
pEeMOHTa, MUHUMaJIbHAs U MaKCHMalbHas IIEHBl peMOHTa (C y4eTOM Ha4dalbHOW CTOMMOCTH ITOKYTIKH

HOMeILEeHuH ); P(k), R(k) — COOTBETCTBYIOLINE CPETHUE LIEHBI.
ITo cratuctuaeckum JaHHBIM Pin(k), Puax(k), Ruin(k), Rmax(k), TAE k=knin, kmint1,
BBIUHCIISIOTCS UHTEPIOJIALMOHHbIE MHOTOYJIEHBI CTETEHH

Y -
1= kya — kmin BUAA
a,k" + a,Hk’H +...+ ajk + ay 1s Beex 3aBUCUMOCTEH Piyin(k), Prax(k), 1_’(k) , Riin(K), Rinax(K), ﬁ(k) , T7Ie
riepeMeHHas k U3MeHseTCs He JUCKPETHO, a HEMPEPhIBHO: K, < k < k.. . OTO MHOXeCTBO 0003HAUNM
K.

2.1. 30HA UHBECTHULINI BE3 PUCKA

Orta 30Ha, IJic MUHHUMAJIBHAS IICHA TIPOJIAKHA TOMEINEHUH Py,;n(k) BBIIIE MAKCHMATBHOM
CTOMMOCTH PEMOHTa (C YIeTOM HadalbHOU IICHBI MOKYTTKA TOMEIICHUH) R ,x(k), T.€. HAXOIUTCS

MHOeCTBO K, 3Ha4YeHMII k, yOBIETBOPSIOMNX HEPABEHCTBY P ;. (k)— R ax (k) >0 . DT0 MHOXECTBO

MOXeT OBITh ITycTOe &, MO0 0OBEIMHEHNE OTACIBHBIX HHTEPBAJIOB U3 k € [kmin,kmax] (puc. 3).

Py T Pk 4
R(k) Prin R(k)
P, min
Rmax
Rmax
V////////‘ ’ Pﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
a 1 2 3k b) 2 3k
P(k) P(k)
R(k) R(k)
22222:: 1 Vs :
d) 2 3 k

Puc.3. TIpumepbl BO3MOXKHBIX HHBECTULIMH O€3 prcka
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2.2. HAXOX/IEHUE BE3PMCKOBOM 30HbI K,

1)

2)

3)

Ecimm mHOXeEcTBO KJr COBIAZIACT C OTPE3KOM [k
<k<k

k

min

PaccMaTpuBaeMBlil alTOPUTM COCTOUT U3 CIEAYOIIHX TaIOB!

Haxonarcs nedicTBUTeNbHBIC KOPHU k| < ky < k; (l < n) MHOrouwleHa P (k)— Rax (k) =0,
IPUHAJIeKAIIHE OTPE3KY [kmin sk max ] ki € [kmin Sk max ],i =1,...,1L

Veranapnuatotcs  3Haku  pasHoctH P (k) Ry (k) Bo  Bcex  mmrepmanax
(ki oKy o (g Koy Joovos (KoK )3 B cHTY HEmpepoiBHOCTH yHKImn Py (k)= R,y (k) mocTarouro
YCTaHOBUTH 3HAK, T.C. BBIYMCIIUTL 3HAUCHHUS BLIPDAXKCHUA, B JIF000M OﬂHOﬁ TOYKEC KaXI0ro m3

UHTEPBAJIOB.
Beibupatorcsi U3 NONydEHHBIX HMHTEPBAJIOB T€, B KOTOPBIX pasHOCTb P (k)—RmaX (k)

MOJIOKUTENbHA (€CIH TaKHE UHTEPBAJIbI CYLIECTBYIOT), 3TO M €CTh MHOXKECTBO K, .
k

SIBIIICTCSL 30HOM MHBECTHIMH 0e3 pHCKa M TOHCK JPYTHX 30H HMHBECTHLHN He

TO CJICAOBATCIIBHO BCChb HHTCPBAJI

min » max]’

max

IIPOU3BOIUTCSL.

2.3. 30HA UHBECTHIMI1 HOPMAJIBHOT'O (MUHUMAJIBHOI'O) PUCKA K _

Ota 30Ha K , rae cpeiHss 1eHa MpOoJaku MOMEeIeHUI P(k) BBIIIE CPEIHEN LIeHbI peMOHTA (C

y4ueTOM HaYaJIbHOM LCHBI NOKYIKHN HOMCmeHHﬁ) R(k), 3a UCKIIIOYCHHUECM 30HBI I/IHBCCTI/IHI/Iﬁ 0e3 pUCKa

K,: K_=K\K, . KoHKpeTHbIE CITyuan aHAJIOTHYHbI IIPeICTaBICHHBIM Ha Puc.3. OnuH U3 BO3MOXHBIX

BapUaHTOB U300pakeH Ha puC. 4.

A

. R,

v

Puc.4. TIpumep HaxXOXKIACHUS 30HBI HOPMAIILHOTO (MHHIMAIBHOTO) PUCKa

2.3. HAXOXJEHUE 30HbI_K _

)

2)

3)

PaccmaTpuBaeMblil alropuT™M COCTOUT U3 CIAEAYOUIUX 3TAIOB:

HaxonsaTcs nelicTBUTENBHBIE KODHH %1 < %2 <km (m < n) MHOrounaena P (k)—E (k): 0,
NpHHAAJIEKALIUE OTPE3KY [kmin sk max ]: kj € [kmin sk max ],] =1,...,m.

Haxonstcs 3uaku passocrn P (k)— R (k) BO BCEX MHTEpBaJIax (kmin .k, )(kl .k, l...,(km 2K max ),
T.€. BBIYUCIIAIOTCS 3HAUCHUS Pa3HOCTH B JII000H (0HOM) TOUKE KaXKIOTO U3 HHTEPBAJIOB.

W3 monmy4yeHHBIX HHTEPBAJIOB BEIOMPAIOTCS T€, B KOTOPBIX Pa3HOCTH P (k ) -R (k )

MOJIOKUTEIbHA. DTO U €CTh 30HA K .

29



Computational Methods and Modelling

4) U3 unTepBanoB 30HBl K HMCKIIOYAIOTCS 0OIIMe HHTEPBAIBI 30HbI K, , T.€. HAXOIUTCS
K_=K\K, (Puc.4)
Ecnm 30Ha K coBmazmaer co BceM HHTEpBanoM k., <k <k, , TO IOUCK APYTUX 30H

HHBECTHIIIN HE MMPOU3BOAUTCH.

2.5. 30HA TTOBBIIIIEHHOT' O PUCKA MHBECTHUIIMIA K, U 30HA YBbITOUYHBIX
MHBECTHULIUN K _

OTH 7BE 30HBI HAXOAATCS MO0 OHOBPEMEHHO, JINO0 BHAYAJIE HAXOAUTCS 30Ha K _, a 3aTeM
yxke K .30Ha yOpITOUHBIX HHBeCTHIMI K_ (ecnu Takas CyLmIecTBYeT) — 3TO 30Ha, IJIe MaKCHMallbHas
IIeHa MPOAAXXH TIOMelIeHui P, (k) HIDKE MUHAMAJIbHOM CTOMMOCTH PEMOHTA (C y4eTOM Ha4albHOH

max

LIEHBI IOKYTIKK TToMetneHnit) R, ;. (Puc. 5).

P max
Rmin R..
T min
1
1
|
P max |
|
|
S | ' »
>
1 2 3 k

Puc.5. HpI/IMep HaXxO0XXJACHUs 30HBI ITOBBIIIEHHOI'O pHUCKa MHBECTHUIINN U 30HBI y6I>ITO‘IHLIX I/IHBCCTI/ILU/H\/’I

Haxoxnenne 30HBI K_ aHaTOrMYHO HAXOXIEHHIO 30HBI K, : 3TO HMHTEpBaibl, II€ Pa3HOCTb
R in (k)—PmaX (k) TOJIOKUTENBHA. 30HA TOBBIIIEHHOTO pucka mHBectMimit Ko — 10 30Ha, TE

CpenHssl LieHa MPOJaku MOMEUICHUN P(k) HIDKE CpelHe CTOMMOCTH pPEeMOHTa (C y4€ToM HavaibHOU

IICHBI) R(k), ucKmodas 3086l K_, Tyl MakcuMaibHas LeHa TPOJAaKH momermennii P, (k) HIDKE

MHHHMAIBHOI IeHbl peMonTa R ;) (k ). 30ma K, MoeT GITb Haiifena Kak pasHOCTb BCEro HHTEpBATA
K= {kmin <k< kmax} ¥ HaiiieHHbIX paHee mMHOKecTB K = K\ (K, UK_ UK, ). MioxkecTso

K xax u K_ moxer 6BITh mycTOe MHOKECTBO @. JTa 30Ha K, Moxer ObITh HaliieHa ¥ aHAJOTHYHO
HaXOXKACHHIO 30HbI K_ : ONpenensioTcss MHTepBaIbl, T1€ Pa3HOCTh P (k)—R (k) OTpHILIATENIbHA U U3

TOJTYYeHHBIX HHTEPBATIOB UCKIOYaeTcs MHOKecTBo K_ (a BO3MOXHO M HalileHHbIEe paHee MHOXKeCTBA
K, uK.).

[TpuMmeHeHne TIPEUIOKEHHOTO METOAAa MOXKET OBITh IPOJEMOHCTPUPOBAHO Ha MpUMEpe
nepeoOopyI0BaHMS U MOCIEAYIONEH IPOaaXH O(UCHBIX MOMEIIEHHH B T. BuipHIOC.

3. Ucxognas undopmManus 1Js pa3padoTKi MaTeMaTHYeCKUX Mojeeit

Wupectuiiusim B JIuTBe ONAarompUsATCTBYIOT IIOJOXKHUTEIBHBIC H3MCHCHHS B OKOHOMHKE,
mpaBoBasi cucTeMa JIUTBBI, yIydIIaoNIMecs YCIOBUS KPEAUTOBAaHUs, (DHHAHCOBBIC MOKA3aTEIH KOTOPHIX
HaMpsIMYIO MOOIIPSIIOT HHBECTUPOBaHUE. Ba)KHBIM MOMEHTOM B MIPaBOBOM CUCTEME SIBJIIETCS OTCYTCTBUE
OTPaHUYCHUH [T MHOCTPAHIIEB HA IMOKYTIKY JIF0OOTO 37aHus B JIuTBe.

B HacTosIee BpeMst ppIHOK TOXOTHOW HENBUKUMOCTHU B JINTBE 3aMETHO OXKHBHIICS, OCOOCHHO B
chepe apeHnpl. HambompImMm cHpocoM MONB3YHOTCS COBPEMCHHBIC O(HCHBIC TIOMEIICHUS B HOBBIX
3maHusaX. C y4eToM BO3pOCIIMX TPeOOBaHWA K Ka4yecTBY IOMEHICHHWH CIIPOC HAa HUX IMPEBHIIACT
npeuioxkeHne. Hanbonee momysipHa aperaa moMmenieHni miomansio 50-150 xB.M. BaxHbIM ycnoBueM
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ABISIETCSI WX YHHBEPCAIBHOCTH, T.€. BO3MOXKHOCTH YAOBIICTBOPATH TPEOOBAHUSM CaMBIX Pa3HBIX
apeHIaTOPOB.

CroumocTs apeH[b! O(PUCHBIX MOMEHIeHUH B JINTBE, XOTS M HECKOJBKO BBIIIE, YEM B COCEIHUX
JlatBun ¥ DCTOHWH, 3HAYUTEIHHO YCTyHaeT OOJIBIIMHCTBY KpyNMHBIX ropogoB Espombl. ITo stomy
nokasarento JINTBY MOXKHO OTHecTH K pernoHy CpenHeit u Boctounoit EBpomnsl, KOTOpBIH COCTaBISAIOT
obBinme pecryonuku CCCP uiu crpans! ObiBuiero coil. arepst (Ilonbia, Yexus, Benrpusi, Pymbinus).

Hauanvnas yena nokynku He0guiCUMOCHMY 3aBUCUT B IIEPBYIO 04EPe/ib, OT €€ MECTONOI0KEHUS,
a TaKke OT HWH)XCHEPHO-TEXHHYECKOTO COCTOSIHUS 3JIaHWsl, WHPPACTPYKTyphl, HMH)XEHEPHBIX CETCH U
Ipyrux (aktopoB. ['OpOACKyI0O TEppUTOPUIO MOXHO pAa3JeNUTh Ha 30HBI, B IIpefesiax KOTOPBIX
CTOMMOCTh TOKYNAaeMOH HEABMXHMOCTH OyIeT NMpUMEpHO oiuHakoBOW. Ilpmmep Takoro neneHust Ha
30HBI [UIs T.BuibHIOC TpuBeaeH B Tabmuie 1.

TABJIMIIA 1. 3HaueHus HauaNbHBIX IIEH NOKYIKH HEABMKUMOCTH B PAa3JINUHBIX pailoHax r.BunbHIoca

No mecto 30HBI TEPPUTOPHH T. BHiIbHIOC 3HauyeHHs HayaIbHbIX [IeH NOKYIKH

HAXOXKJICHHS
1. Hogslie cnanbubie paiions! (smkune,bantynsii,JIa3aunait) 1000
2. aunumkec, XXupmyHait 1100
3. rp.CaBaHOPIO ¥ Ap. 1400
4. IMammunaitusii (yi1. YKmsiprec) 1400
S. yin.Anerupno, HIsurpuraiinoc, Hayrapayko, Munnayro 1500
6. AHnTakanpHuC (paiioH ropoja) 2200
7.. yi. .bacanasuusyc,[Tnnumo 1600
8.. yi. Slcuncké, [TameHkanbpHE 1300
9.. MaJieHbKHE YIHUIIBI CTapOro ropoaa 2000
10. JXKBepuHnac (paioH roposa) 1600
11. yi. Tpaxy, BunpHstyc 2400
12. yi.Kamrrony, HlspmykinHio, Bacapé - 16, Sxuiro 2400
13. yn. Iumkén, [unec, Bokeuto 2800
14. np. I'equmuza (LeHTp) 3200

3.1. PEMOHT IIOMEILEHII

W3yunB cuTyanuro Ha peIHKE HEIBM)KUMOCTH, OLICHHUB IPEAJIOKEHH KOHKYPEHTOB U CIIPOC Ha
oducHble TOMENIEeHUs] pa3HbIX KJIACCOB, MOXHO BBIJEIHTh YETHIPE KAaTErOPHMH DPEMOHTHBIX pPadoT,
pa3nUYarOIUXCA CIO0XKHOCTBIO, MCIOJB3yEMbIMH MaTepUallaMd U, COOTBETCTBEHHO, CTOMMOCTBIO
OTIIEJIKM TOMEIEHUH. DTO — BBICOKOKAauecTBEHHas oThenka (kiacc A, wuiad 3), yhaydllleHHas OTAeNKa
(xnace B, nnu 2), cpennsist oraenka (knace C, i 1), npocrast OTAeNKa.

Ha ocHOBe BBINOJIHEHBIX pacyeToB cpopMHUpOBaHa TaOIHIA U BEIYEPUEHBI TPA()UKH YPOBHS LICH
1 M* ofmeii mIomany opUCHOr0 MOMEIIEHHs B 3aBHCHMOCTH OT KJacca OTAeNnKH (puc.6). IIockombKy
pa3HbIe TOMENIEHUS] IMEIOT MHOXKECTBO MHINBHUAYAIBHBIX OTJIMYM, yCTAHOBUTH TOYHOE 3HAYCHUE LICHBI
1 M® He Hpe/CTaBIAETCS BO3MOXKHBIM. [103TOMy LEHBI ODHCHBIX MOMEIIEHHI YKa3bIBAKOTCS HE OIHHM
YHCITOBBIM 3HAUYCHHEM, 3 HHTEPBAIIOM MEXIy MHHMMAIBHON M MAKCHMAIbHOMN IeHOH 1 M’, KOTophle
UCTIONB3YIOTCS B JAJIbHEHIINX pacueTax.

1600
1400 | /"
1200 VA

1000
/ —&— MaKC. CTOMMOCTb
800

600
400 -
200

0

—l— MUWH. CTOMMOCTb

MpocTtas otaenka

Knacc C Kmacc B Kmacc A

YPOBe Hb OTAEJIKK

Puc. 6. CTONMOCTb PEMOHTA TOMEICHUH
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Cmoumocms npodadicu o@uchbix nomeujenuii. PRIHOYHAsT CTOMMOCTE 000PYIOBaHHBIX O()HCHBIX
MOMEIICHUI 3aBHCUT, TJIaBHBIM 00pa3oM, OT MECTOHAXOKACHHS 34aHHUS M YPOBHSI OTAENKH ITOMEIIECHHH.
Kak B ciyuae ¢ MOKYNKOl HEIBHKMMOCTH, TEPPUTOPUIO I.BHIIBHIOC MOHO Pa3[eNIUTh Ha 30HBI, B
npezienax KOTOPBIX PHIHOYHAsE CTOMMOCTh O(MCHBIX MOMEIICHUH MPUMEPHO OJIuHaKoBa. EcTtecTBEeHHO,
TOBOPHUTh O KaKHX-TO KOHKPETHBIX LU(POBBIX 3HAUCHMSAX B JIAHHOW CUTyaluH HepeaibHo. [loaTomy
NpUBEJICHHbIE B TaOJMIE 2 CTOMMOCTH NPOJaKH O(GUCHBIX IOMEIICHHH yKa3aHbl B BHJE HHTEpBaja
MEXy MUHUMANbHBIM U MAaKCHUMAJIbHBIM 3HAaYCHUSMU.

TABJIMLIA 2. CTtouMOCTb NPOAaXH O(PHUCHBIX IOMELICHUH Ha TEPPUTOPHUH I'.BuiibHIOC

No mecro CTOMMOCTb IIPOAAXKBI OPUCHBIX TOMEIICHUH
Hax0X 3oHsI T. BunbHIoC (x7) Wutepsan Kareropust o111k noMemeHni
JICHHS 3Ha4YeHUI Kiace C Kmacc B Knacc A
(1 xar.) (2 xar.) (3 xar.)
1. Hossie CrHajbHbIe paiioHsbI
(Isikune,bantynsi,Jla3qunaii) MaKc./MHH. 1600/1200 2400/1400 2600/2400
2 HInnnumkec, XXupmynait MaKcC./MHH. 2000/1200 2400/1600 2600/2400
3. p.CaBaHOPIO U Jp. MaKC./MHH. 2400/1600 2800/2000 3400/3200
4. TManmmaitusii (yi. Ysiprec) MaKc./MHH. 2400/1600 3200/2000 3400/3200
5 yi.Anbrupno, HIsurpuraiinoc, Hayrapayko, | makc./MuH. 2400/1600 3200/2400 3600/3400
Munnayro
6. AHTakanbHuC (paiioH ropoaa) MaKcC./MHH. 2400/1600 3200/2400 4000/3800
7. yi. U.bacanasuustyc,[Tunumo MaKc./MHH. 2800/1600 3200/2400 4000/3800
8. yi1. Scuncké, ITameHKaIbHE MaKc./MHH. 3200/1800 3600/2800 4000/3800
9. MasieHbKHe YIB! CTaporo ropoja MaKC./MHH. 3200/2400 3800/3200 4000/3900
10. JKBepuHac (paiioH roposaa) MaKc./MHH. 3200/2400 3600/2800 4800/4400
11. yi. Tpaxy, Bunbusyc MaKC./MHH. 3600/2400 4400/3600 4800/4400
12. yin.Kamrony, Hlspmykuaio, Bacapé - 16, | makc./mMuH. 4000/2400 4600/3600 4800/4400
Slknrro
13. yi. Aumxén, [Munec, Bokeuro MaKc./MHH. 4800/2800 6000/4400 6400/6200
14. np. 'equmuna (11eHTp) MaKc./MHH. 6000/3200 7500/5200 8000/7800

3.2. TIPUMEPbI HAXOXIEHU S 30H PA3JIMYHOI'O PUCKA MHBECTHULIMIA

[IponmmtocTpupyeM Haml METOJ YCTAaHOBIICHHS PA3JIMYHBIX 30H, HCIIONB3YsI B KAUECTBE OCHOBEHI
peanbHble JaHHbIE OTACNIbHBIX paiiOHOB T'. BusbHioCa.
Ilpumep 1. MunHuManbHas I€HA TPOJAXH TOMEIICHUHA JUIsi KJIaccoB Tmomemenud k = 1;2;3
COOTBETCTBEHHO P = 545, P, = 1430, P; = 2500, 1 UHTePHOISIIMOHHBII MHOTOUJIEH:

Pyin (k) =92,5k% +607,5k —155.

m
MakcuManbHas [eHa NpONaXd momemeHut R, = 1252 , R, = 1698 , R; = 2433, u MHOTO4JIEH:

R, =144,5k% +12,5k +1095. Uccnenyem  Beipaenue: P — R, =52k + 595k —1250. Pasnocts
HOJOXHUTENbHA B HHTEpBane (2,77;3) — ato u ectb 3oHa K, uHBecTHimii Ge3 pucka. s CpefHHX 3HAYCHHIL
;’1 =974,5 ;’2 =1769, ;’3 =2526,5, paccunuTbiBaem ;’(k): —18,5k> +850k +143, a mia cpemHux
Ri=1184, Ry =1540,5, R3 =21375: R(k)=120,25k> — 4,25k +1068. PastocTs
I_D(k)—ﬁ (k): —138k? +854,25k—925 monoxurensa B mmTepane (1,4;2,77) — 30HE MHBECTUIMii

HOpMasbHOTO pHcKa K_. 30HbI YOBITOYHBIX MHBECTHUMH K_, OUYEBHJHO, HE CYIIECTBYET: BCE

max

MakKCUMaJbHbIe II€HbI Tpofaxu mnomemenuid P, = 1404, P, = 2108 u P; = 2553 3Ha4uTeNbHO
IPEBOCXOIAT COOTBETCTBYIOINE MUHUMAIIbHBIE LIEHBI peMOHTa R = 1116, R, = 1382 u R; =1842.
OcrasBasics 30Ha, T.e. uaTepBan (1; 1,4), ects 30Ha K|, MOBBIIIEHHOTO PHCKA MHBECTUIIHH.

Ilpumep 2. ]Ins MUHUMAaNbHBIX 3HaUeHud P, = 1589, P, = 2474, P; = 3674 u MakCUMaJIbHBIX 3HAYCHHUH
R, = 2600, R, = 2850, Ry = 3650, pacuutsiaem P, (k)— R, (k)=—117,5k> +987,5k —1881. PasHocTs

m
P (k)—Rmax (k)> 0 B unTrepBane (2,92; 3] - 3one K, uHBecTHLUi 0e3 pucka. {1 cpefHUX 3HAUCHUH

P1=1994,5 , Py =2837, P3=3837 u cootserctsyommx R =2470, R, =2705, R =3350,
pacunteiBaeM P(k)—R(k)=-126,25k> + 986,25k —1155,5 OTKy/ia 30Ha HHBECTHIMII HOPMaILHOTO PUCKA
K_ wuntepan (1,435; 2,92), rae pasuocts P(k)—R(k)>0. B 3ome yOBITOUHBIX WHBecTHLUH K_
BbIpaXkeHue R (k)—P (k)> 0. Ilo 3nauenusim P; = 2400, P, = 3200, P; =4000 u R, = 2340, R, =

max
2560 , R; = 3050 paccumuthiBaeM Bhipaxenue: R, (k)— Pry (k) =135k —985k +790. Dta pasHocTh BO

max
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BceM uHTepBaie [1; 1,435) orpuuarenbHa T.e. 30HBI YOBITOUHBIX MHBECTHIMH HE cyliecTByer: K_~ (.
OcraBmasics 30Ha, T.e. uHTepBan [l; 1,435), ects 30Ha K, MOBBIIIEHHOTO PHCKAa WHBECTHUIIMH, TIe
BBIpaKEHUE I_’(k)— E(k) <0.

Ilpumep 3. qnsa 3nauenuit P, = 2400, P, = 3600, P; = 4400 u R, = 2651, R, = 3098, R; = 3834,
pacuntsiBaeM P, (k) R, (k)=—344,5k* +1766,5k—1693, orkyna sona K, wunBecTMUMii Ge3 pucka
(1,25; 3]. Jlna swauemmit P, =3336,5, P,=4288,5, P,=49115 u R, =25835, R,=2940,5,
pacYUTEIBAEM ﬁ(k)—l?(k):—284,75k2 +1449,25k—411,5 OTKyJa 30Ha WHBECTHIUII HOPMAaJBHOIO PHUCKa
K_ warepsan [1;1,25). OueBunHO, Apyrux BO3MOXKHBIX 30H WHBECTHIUI HE CyIIECTByeT. Pa3nuuHbie

palioHBl TOpoja WM CTpaHbl MOTYT HMETh WACHTUYHBIE WHBECTHLIMOHHBIE ycnoBusa. HaxamnmBas
CTaTHCTHUYECKYI0 MH(DOPMALIUIO U TPYNIHUPYsl PadOHBI ¢ TOXOKUMH YCIOBHSIMH MHBECTHULMH, MOXKHO B
MOJIEJIb YCTaHOBJICHHS Pa3JIMYHbIX 30H MHBECTULINH, HAapsAy ¢ GakTOpoM Kiacca roMelieHnit K, BBECTH
0000meHHbIH (akTop paiioHa 7. COOTBECTBYIOIIME YCPEJIHEHHBIE CTaTUCTUYECKHE IBYX(aKTOpPHbIC
MoJieny puBeieHb! B Tadmmie 3.

TABJIMIIA 3. 3aBucumoctu Juist onpejeneHus 3ppeKTHBHOCTH peMOHTa 0(UCHBIX NOMEIIEHHI

E
g £
2 g g
sl 5_ | 5] |E
5 o = o = A
< L & SIS}
= ] 2 |8l&8 OGmacrs Bu 3aBrcMocTi
2 =3 g o138 TIpUMEHEHHUS . _
= = & 8 |22 (B IIOJTyYECHHBIX MOJEIAX HCIOIb3YIOTCS 3HBUCHUS k=2, 3, 4)
3 5 & £ é = 3aBUCUMOCTH
2 §° | 5| |EF
£ = 5
= S ©
g &
N4
<
- _ 9 MakcumanbHas _ _ 2
§ = | crommocts pemorra Roax =225,5-2759k +144,5k
D
S| A MuHuMalbHas 2
o~ E 5 | croumocts pemora R =152,25-208,55+95,25k
S| B Cpensn R,, = 188,88 242,23k + 548,5k>
o - | =33 o = 188,88 242,23k + 548,5
@ | A |cTOMMOCTh peMOHTa
- w | 2| o [Maxcuvamuas nena Py =—1520+1368k +847,3r —135,6k* —129,7r% +
< g g %" o MpOJaXHu N 3
- HoMeleHH it +0,74k” +7r
| oo || o [Mumvamnan vena Py =—1040+359,7k +596,37r + 66,64k * —
=N | <
To] = g % x TPOJAXKHU 5 218 5 3 3
TOMENICHUN —82,187° +10,096k” +4,3658r
< o 2] © Cpennss uena P, =-1280+863,85k +721,84r — 34,48k> —
© g g | s MPOJaXKHU 5 3 3
= noMenenuit —105,94r° +5,418k” +5,6829r

4. MopeJsn onpe/ieJieHHs1 30H Pa3JTHYHOH CTENEHH PUCKA HHBECTHIUN I 0(PMCHBIX NIOMeILeHn
Hcnonb3yst KOMIUIEKC 3aBUCUMOCTEH JIIst orpezieieHus 5pQEKTUBHOCTH PEMOHTA O(HCOB

MOJKHO C(hOPMHPOBATH MATEMATUICCKUE MOJICITH [Tl OTIPEIICIICHUS 30H Pa3IHUHON CTEIICHH PHCKA
WHBECTHIINH.
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Tak npu onpezeneHye 30Hbl HHBECTHLIMH 0€3 pUCKaA, YUUTbIBAsi OCHOBHOM IPUHLIUII
P (k) = Rax (k) > (0 moiydeHa HYKE MPUBEIEHHAS MOJEIb:

Poin (k)= Ry (k) = —1040+359,7k +596,37r + 66,64k > — 82,187% +10,096k> +4,3658>
—225,5-2759k +144,5k> = —1265,5+ 635,6k +596,37r — 77,86k > — 82,18r> +10,096k"> +4,3658>

AHaJIOTUYHO MOJTyYeHBl MOJEIH JUI ONIpeIeJIeH s 30HBl HOPMAJIBHOTO PUCKA, 30HBI
TOBBIIEHHOTO PHCKA MHBECTULMH ¥ 30HbI yOBITOUHBIX nHBecTHLMH (Tabm. 4).

TABJIMLIA 4. Monenu Jyist onipeJiesIeHust 30H prcKa
N Mopens asis onucanus Bunx monenun
1 30HBI HHBECTHIHHI 0e3 pHCcKa P

> o (k)= Ry (k) = —1265,5 + 635,6k +596,37r — 77,86k —
— 82,1872 +10,096k> + 4,36587°

2| BourHOpManBHOrO prCKa P(k)-R(k)= — 734,44 + 553,04k + 721,84r — 291,49k> —
—105,94r% +5,418k> +5,6829,°
3 SOHbI NOBKIMERHOTO pUCKA M | p = () p (k)= 836,13 — 788,28k —847,3r + 544,05k +
30HbI yOBITOUHBIX HHBECTHLIUH min max

+129,77% - 0,74k —7/°

B pesyiabraTe HCIONB30BAHHUA MATEMaTUYECKUX MOJENEH MU pa3iIuyHbIX pPaliHOB TI. BunbHIOC
copMupoBaHbl rpayKKU pacrpeeeHUs] 30H pa3InyHON CTEeleHH pUcka MHBecTUIMH. HekoTopbie u3
HUX, KaK WITIOCTPALMs TIOJIydeHHBIX PEIIeHHH, pruBeaeHs! B Tabuuie 5.

TABJIMLIA 5. Tlpumepsl omnpeneieHus 30H Pa3IMYHOW CTENCHHM PUCKA WHBECTUIMH INPU IMOJATOTOBKE K MPOAAXKE O(PUCHBIX
TOMENCHUH B I'. BuipHIOC

N MecrononoxeHue I'paduk onpeneneHus pa3IMnyHbIX 30H PUCKAa HHBECTULIUH
O(HCHBIX TOMEICHUIH
1 HoBele cnanbHble palioHBI = 3000 -
ropona (Illemkune, E
Bantynsii, Jlazgunait, D Sa00
Kaponunuikec) QE_;
§ 2000
=
N
= 1500 -
—
=
© 1000
]
=
E 500 4
=
@)
0 r T 1
1 2 3
Kiacc momenienni
2 AHTaKaJ‘IbHH(i 3 e
(IpecTrXHBII paiioH
ropoja) 4000 .
1
)E 3500 l“l“ll““%l
g e
g | 3000 | ./////;/,_f__[._/___ 2
O | --5!_“", d/lfé///_-/,l——--
2500 A = e -
2 . et i jin
=+ 2000
NE i Lide=
‘1500 —
—
5 1000 —
Q
]
S 500
S
e u] T
O 1 2 3

Knacc momemenni
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3 Yiuusl cTaporo ropoga 4500
4000 =t
= 3500 M |I|“||||" -
[3) e LU= =
g 3000 || || | I //////%
: 7
2 W
g 28001 /LMW
s 2000 -
: 1500
H
S 1000
=
o 500
=4
© 0 T
1 2 3
Kiacc momenienni
4 Va. Scunckuo, e
ITameHkanbHUO (LEHTP
ropoja) 4000
B 3500
T
GE)I 3000
5 ’
S 2500 IS /////
o ///’///////é
2000 — //7//’%///// 2
= 1500 ——«ﬁ:myg#k‘;’ij}’;’ﬁ/;’/’/f//’(?%*////
R ;
5 1000 4
S
= 500
g 0
5 ' -

1 2 3
Kitacc nmomemnienui

[ croumocts mponaxu
/77| cCTOMMOCTb PEMOHTA

B unBecTHIMU O€3 pUCKa

[ 30Ha HOPMAIBLHOTO PUCKA

- cpenHss CTOUMOCTh peMoHTa [  30HA MOBBIMIEHHOIO PUCKA
cpenusist croumocts npojaxky MM 30Ha yOLITOYHBIX MHBECTHIMIM

3akiar4yenue

[pemyoxkeHHple MOJAENM MO3BOJISAIOT (OPMAIM30BaTh U aBTOMATU3UPOBATH MOUCK 30H

Pa3IUYHON CTENIeHN pUCKa NPY (UHAHCHPOBAHUN MHBECTUIMH B JOXOIHYIO HEIBHXHMOCTD

M3noxeHHble METOMIBI MO3BOJISIOT CYIIECTBEHHO YMEHBIINTh PUCK MHBECTOPA, IOCKOJIBKY € MX
HOMOIIBIO MOTYT OBITh YCTAaHOBJIEHBI 30HBI IIOBBIIEHHOTO PHCKA U 30HbI yOBITOYHBIX HHBeCTHLMHA. Ha nx
OCHOBE MOTYT INpPHHUMAThCS PELICHUS MO0 O00BEMy M CTPYKType pPEMOHTHO-CTPOMTENBHBIX pPadoT,
o0ecIeunBaONIMX MaKCUMAIIBHYIO NPHOBUIH IPH MPOJaKe MTOrOTOBICHHBIX NOMELICHUH, YTO B LIEIOM

NOBBILIAET 3PPEKTUBHOCTh MHBECTUIIMOHHBIX MPOEKTOB.

HakannuBanue n aHanu3 CTaTUCTHYCCKHX JAaHHBIX ITO3BOJIAIOT BBIACIWUTH I'PYIIIBI HACHTUYHBIX
YCJ'IOBI/Iﬁ (1)I/IHaHCI/IpOBaHI/I$I I/IHBCCTI/IHI/Iﬁ W BKJIKOYAaThb B CTAaTUCTHYCCKHUC MOJCIN HOBBIC q)aKTOpI)I,

XapaKTepU3YIOIIKe 30HbI Pa3INYHON CTETIEHU pUCKa UHBECTOPA.
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BEPBAJIGHBIM METO/ OITPEJAEJIEHUSI
IOOEKTUBHOCTU UHBECTULIMU B CTPOUTEJIBCTBE

0. 1. JAPUYEB?, JI. 0. KOUMH?, JI. J. YCTUHOBUYIOC®

“Uncmumym cucmemnozo ananusa PAH, npocn. 60-nemus Oxmsabps 9, Mockea, 117312, Poccus,
E-mail: dco@mail.ru
6YHu6epcumem um. I'eoumunaca, Caynemsxuo an. 11, LT-2040, Bunvnioc, Jlumaa,
E-mail: leonasu@st.vtu.lt

AHaii3 MHBECTHIOHHBIX IIPOEKTOB B CTPOUTENILCTBE CBUJCTENBCTBYET O JOITyCKaeMbIX OLIMOKAX IIPH PEKOHCTPYKIHU
CTapbIX 3/1aHUI B MCTOPUYECKUX LIEHTPAX M BO3BEICHUS HOBBIX 3/IaHUIl M COOPY)XEHHMIl. B CHIly BBICOKOW CTOMMOCTH MOJOOHBIX
omubO0K, BEIOOP JIyIIero IPOeKTa U3 HECKOJIBKUX BapHAHTOB JOJDKEH OBITh CTPOro 00OCHOBaH. B cTaThe paccMaTpHBaeTCS METOX
MHOTOKPUTEpPHAIBHOTO BBIOOpa syqniero oobexra IITHYP — Illkana HopmupoBaHHEIX YHopsimoueHHBIX Pazinumii. B HeM MoxxHO
BBIICNUTh [BA OCHOBHBIX OTama: IOATOTOBUTENBHOrO ()OPMATbHOTO aHalu3a TIPYyINbl JAHHBIX aAIbTEPHATUB, IIOTHOCTBIO
BBIIIONHAEMOTO0 KOMIbIOTepoM, M guanora ¢ Jlmmom, Ilpuammatomem Pemenus, nns mnomydeHus HHGOPMAIMHM O €ro
NPeIIIOYTeHUX. MeTox OCHOBaH Ha MOAXOJe BepOAaTbHOIO aHalM3a PEIICHUH. YUYHTBHIBACTCS BO3MOXKHOCTH 3aBHCHMOCTH
xputepuen. [l oneHkn 3(QGEeKTHBHOCTH METOAa MPOBEIEHO CTATHCTUYECKOE MOJEIMPOBaHHE. MeTon MpUMEHEH IS PEeHIeHUs
HECKOJIBKHUX MPaKTHYECKUX 33124 PeKOHCTPYKIUHU 3aHHUI U PacIIONOKEHHS CyIIepMapKeToB B I'. BuisHioce.

Pabora wactuuHo mojuepxaHa rpantamu PODOU Ne01-01-00514, Ne02-01-01077, MAC Ne03-01-06233 u nporpamMmoit
npesuauyma PAH MMIS.

KiioueBble cj0Ba: MeTOJ MHOTOKPHTEpUANbHOTO BbIOOpa, BepOambHbIA aHamu3, Illkama HopmupoBaHHBIX
YnopsiioueHHbIX Paznuamii.

1. BBeaenne

3a1aun pamKMPOBaHMS aJbTEPHATUB I0 KAyecTBY M BBIOOpA JIydIIeH albTepHATHBHI SIBISIOTCS
ONMM3KMMH B TOM CMBICJIE, YTO IIOCJIEIOBATEIIbHOE BBHIJEJICHUE JIYUIINX ajbTePHATUB U3 3a/laHHOTO
MHOXXECTBAa IIO3BOJISIET OCYWIECTBUTH WX pamkupoBanue. OpHaKo, 3ajada BBIJCICHUS JIydIIeH
JIBTEPHATHBHI ABJSIETCS B 00IIEM ciTydae 0oJiee IPOCTOH 1 3aCITyKUBAET CIICIMAILHOTO BHUMAHUSL.

3aga4a BpIOOpa HAMIYUIIEH N3 3aJaHHOTO MHOKECTBA albTEPHATHB, UMEIOIINX OIEHKH I10 MHOTHUM
KpUTEpHUsIM, SIBIETCS OXHOM M3 Hauboliee paclpOCTPAHEHHBIX Ha MIPAKTUKE 331a4 NPHHATHS PEIICHUMH.
Takne 3amaum BCTpEeUYalOTCs KaK B JIEATEIBHOCTH OpPTraHW3aldid, TaK W JUYHOHN >KHU3HH Jrojei. Beioop
IJIaHa [poBeAeHHs pedopMbl, peopraHu3anuu (UPMBL, IUIaHA MEPECTPOMKHM 3HaHMS  SBISIOTCS
npuMepaMH JIEJIOBBIX TIpoOiieM Takoro tumna. I[lpuMepamu JMYHBIX MpOOJEM SBISIFOTCS BBIOOD
npodeccuu, JoporocTosias MOKymnka u T.J.

Bo MHoOrux ciy4asx npu BbIOOpE HaWIydlleld aJlbTepHATHBBI MCIOJIB3YETCs MOMAPHOE CpaBHEHUE
aIbTEPHATHB M HUCKIIOUEHHE IOMUHHMpYeMBIX B mape. Ilpexne Bcero, oTMETHM, YTO TaKOM MOIXOA
TUIWYEH JUIsl JIIOAEH, JeIalonX BEIOOp B IMTOBCEAHEBHOM XKHM3HM 0€3 MCIOJIB30BaHUS KOMIBIOTEpPOB. O.
CseHcoH 1 . MoHTroMepH NMpeaIoRHUIN TICUXOJIOTHIECKYI0 TEOPHIO TMOUCKA JOMHHAHTHON CTPYKTYPBI,
AMEIOMIYI0 JIecKpunTiuBHBIN xapakrep [1]. CormacHo 3toit Teopmwm, Jlumo, IIpumammaromee Pemenus
(JITTP), x0o4eT myTeM MOTIapHOTO CPAaBHEHUS allbTEPHATHB HAWTH HAWIYYIIYIO, KOTOPas IPEBOCXOIMIIA OB
K&XIYI0 M3 OCTAIbHBIX. B COOTBETCTBHMU C TeOpUel MOMCKAa AOMHHAHTHO# cTpykTypsl, JI[IP kak Ob
«OXBaTbIBAET B3MIAOM» BCE 3aJaHHBIC AIBTEPHATHBBI U BHIOMpAET M3 HHUX Ty, KOTOpas (IO MepBOMY
BIICYATIICHUIO) MOTJIa OBl OKa3aThCsl JTOMHUHHUPYIOIIEH. 3aTeM OH INOHapHO CpaBHUBAeT C HEH Bce
ocranpHbie. Ecmu Impu BCEX CpPaBHCHUAX BbI6paHHaﬂ AJIbTCPHATHBA no6e>1<)1aeT, TO AOMHWHAHTHAaA
CTPYKTypa mocTpoeHa. Eciu mpu kakoM-TO CpaBHEHHM HMHas albTE€pHATHBA OKaXETCS JydIleH, TO yxe
OHa pacCcMaTPHUBAETCS KaK MOTEHLIUAIBHO JOMUHHUPYIOIIAsl, ¥ C HEM CpaBHUBAIOTCS BCE IPOUUE.
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B Toke Bpems 0TMeUanoch, 4TO 3a/1a4a BBIICICHUS JIyqIIed U3 MHOTOKPUTEPHAIIEHBIX allbTePHATHB
SABIISICTCA JOCTAaTOYHO CJIOKHOM JUIs dYenmoBeKa. Tak, NPH BBLACICHWH TOAMHOXKECTBA JIYUIINX
aNbTEePHATHB, CyOBEKTHl MOTYT YAAISATH JOMHUHHPYIOUINE ATbTEPHATHBBI M OCTABIATH JTOMUHHUPYEMBIC
[2].

[TonapHoe cpaBHEHHE aJbTEPHATUB IIPHUBJIECKAJIO HCCIIEAOBATENICl W KaK HOPMATHUBHBIA CHOCOO
npuHsTHs penieHui. [lepBeim ero npeannoxun eme B 18 Beke b. @pankinuH B muchme K apyry [3].

W3BecTHBIM HEOCTATKOM IMOMAPHOIO CPAaBHEHUS AJIbTEPHATHUB SIBIIIETCS BO3MOXKHOCTh IOSBIECHUS
LUKIIOB [4] HA MHO>XECTBE CPABHUBAEMBIX albTEPHATHUB.

B pamkax noaxona Bepb6anpHoro Ananusa Pemenuii (BAP) panee 6bu1 npemtosxken meron ITAPK
[5], opueHTHpOBaHHEI HA BRIOOp JIydIIeld W3 TPYIIBI 33JaHHBIX MHOTOKPHTEPHAIBHBIX ANbTEPHATHB
MyTeM IOMAapHOTO CPABHEHHS ANbTEPHATHB, KOTOPHIA MMO3BOJIII PEIINTh BaKHBIC MPAKTUICCKUE 3a/1a4H
[6].

Opnako, meton ITAPK nmeer cymiecTBeHHBIE OTpaHUYCHUS:

- OH IpenHa3HaueH il mpoOiieM BbIOOpa ¢ 3-5 ampTepHATHBAMH, TaK KaK HCIOJIB3YIOTCS

TIOTIapHBIE CPABHEHHS BCEX BAPHAHTOB;

- IIKaJbl KPUTEPUEB UMEIOT TOIBKO BepOabHbIE OLICHKH;

- He MOJAKpEIUIeHbl JaHHBIMU TICHUXOJIOTHYECKUX HCCIEIOBAHUI MPEINON0KEHUS O BO3MOXKHBIX

ornepanusx noixyuenus napopmaru JIITP.

[IpencraBneHHbIN aaee HOBBIH METOX BBIOOpA Jydmied W3 rpyrmsl ansTepHaTus, Meron LIIHVYP,
MMeEET CIIEAYIOIEe 0COOCHHOCTH.

[Ipexne Bcero, B HEM aKTUBHO HMCIOJIB3YIOTCS BO3MOKHOCTH KOMITBIOTEPA, KOTOPBIH 0e3 ydacTus
JITTP mpoBOAWT 1O OMpeIeNICHHBIM MIPaBHJIaM ITOTIAPHEIE CPABHEHUS BCEX allbTCPHATHB, aHAIM3HPYS UX
cXojcTBa U pa3nuuus. [Ipu 3ToM KOMIIBIOTEp MOATOTABIMBaeT Hanbomee 3 (GeKTHBHEBIN MpoIiece onpoca
JIITP, ¥To co3maeT BOSMOKHOCTH JIJIsl aHANK3a OOJNBIION TPYIIIEI aIbTEPHATHB.

Bo-BTOpBIX, HEKOTOpHIE KOJMYECTBEHHBIC KPHUTEpPHH (HAIPHUMEpP, CTOMMOCTH) TaKXe MOTYT
paccMarpuBaThCsi Kak €CTECTBEHHBIH M yNOOHBIA  SI3bIK  BhIpakeHust mnpeamnoutenuit  JIITP.
CrenoBarenbHO, METOJ| TO3BOJSIET PadOTaTh KaK C KAuyeCTBEHHBIMH, TaK W C KOJMYECTBEHHBIMU
OILIEHKaMH aJIbTEPHATUB T10 KPUTEPUSIM.

Takum 00pa3oM, HOBBI METOJ pAacCIIMpsieT M JIONOJHSET BO3MOXXHOCTH JPYTHMX METOJIOB
BepOaJIbHOTO aHaIN3a PeIICHUH.

2. [IpakTHyeckuii npumep

Hnst crpan Bocrtounoit EBpomnbl, craBmMx Ha IyTh pedopM, BBICOKO aKTyaJbHBIMH SIBIISIFOTCS
npoOJieMbl BbIOOpa Hamityuliero o0beKTa JUisi MHBECTUIIMI: MMOKYIKA 3[JaHus Ul €r0 PeKOHCTPYKIHUU U
MOCIEAYIONIEH POk, pa3MellleHue TOPTOBBIX IIEHTPOB U T.A. [7].

IIpuBeném OGoiee MOMPOOHBI MPUMEpP OMHOW W3 TaKMX 3amad. i1 HATJSJAHOCTH OTPAHUIMMCS
HEOOJIBIIINM KOJIMYECTBOM aJbTEPHATUB, XOTS PACCMATPHBACMBI METOJ CIIOCOOCH paboTaTth W C
OOJBIIUM HX YHCIIOM.

TABJIMLIA 1. Bapuantsl Mecra Juist TOCTPOKH MarasuHa

Var 1 Var 2 Var 3 Var 4
Ko1-Bo MeCT Juisi IapKOBKH a/M, max 400 300 250 150
Hannyne KOHKYpeHTOB, min 1 Mano 5 MHoro 3 Cpenne 5 MHoro
[110THOCTB HacesneHus B paguyce 1 KM, max 200 4500 6000 7000
I{ena MecTa, MJIH. JINTOB, Min 6 16 12 20
[ToTok 06l_ueCTBeHHOFO TPaHCIIOpTa, Max 1 Huskwmit 3 Cpe/:u-mﬁ 5 BrIcokHit 7 Ouenn Bricokuit
BuuMOCTb C IIIaBHOW YJIMIIBI, mMax 5 Xopomast 5 Xopomiast 3 Cpennsist 1 ITnoxas
HudpacTpyKTypa cBsizeld, max 3 Cpennsist 3 Cpeansist 5 Xopomas 7 Ouenp Xopormmast

®dupma HIET MECTO AN MOCTPOWKHM KPYIHOTO YHHMBEpCAJIbHOTO MarasuHa. IlpenBaputenbHbI
aHaJIM3 [OKa3all, YTO UMEETCS YeThIpe BO3MOXHBIX Mecrta noctpoiiku (Var 1 — Var 4). [Ipu pemenun
3aJauy BEIOOpa NpaBlieHHe (UPMBI PELIMIO PYKOBOACTBOBATHCS CIIENYIOMIMMH KPUTEPUSMHU: 1IeHa MecCTa,
IUIOTHOCTh HACeNIeHHsI B pajuyce 1 KM, HaJIM4ne KOHKYPEHTOB, MH(PACTPYKTypa CBs3eH, KOJIUYECTBO
MECT JJIsl NMapKOBKM aBTOMAIIMH, JOCTYIHOCTh MecTa NpH MOMOIIM OOIIECTBEHHOIO TpPaHCHOPTa H
3aMeTHOCTh Mara3uHa ¢ ONrmKaiieil KpyImHOH yITUITEL.
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3apaHee HaMEUCHHbIC BAapPHAHTHI OBUTH OLEHEHBI JKCIEPTAMH, MPHUYEM HCIOJIb30BAIUCH JIHOO
IIKaJBl OIICHOK B HATypalbHBIX eIWHHUIAX, JH00 BepOanpHble orenkn. B Tabmwmme | ykazaHo
JKeNlaTeIbHOE HAIlpaBlIeHHE U3MEHEHNUS OLEHOK MO KaXXIOMY M3 KpUTepHeB (max MiId min).

3. ®opmanbHas NOCTAHOBKA 3a1a4u

Hano:

1. C; — MHOXeCTBO KpuTepues, I =1,.q,.. N .

2. §, —4MCIIO OLEHOK HA IIKAJIE ¢-TO KPUTEPHS.

3. X=X/ - MHOXECTBO OLIEHOK Ha LUKaJle g-r0 KPUTEPHUS; |Xq |=s 4 > OLICHKH YIIOPSZIOYCHBI OT JIy4IINX
(mepBbIX) K XyImuM (TIOCTIETHUM);

4. Y=X*X,*...Xy - MHOKECTBO BEKTOPOB y; € ¥ Buma: y; = (x|, x5,..xYy), e x! eX, u P=|Yl.

5. V(y;) — obmas nenHocts anprepHatuBbl s JIIIP. Ilpeamomaraercs, uto oHa obnagaer

CJIEAYIOIIMMHU CBOMCTBAaMHU: @) HMEETCS MAaKCHMaJIbHOE M MHHHMMAlbHOE 3HAa4E€HHE Ha MHOXeCTBE Y; 0)

IpY HE3aBHCHMBIX KpUTepHsx 3HaueHue V();) BO3pacTaeT ¢ yilydIICHHEM OLEHKH IO KaXIOMy H3

KpUTEPUEB.
6. A= {a,—} eY; i=12,..,n —MHOXECTBO U3 /1 BEKTOPOB, ONMCHIBAIOLINX PEAJIbHBIEC aJIbTEPHATUBEL.

TpeOyercs: BbIOpaTh W3 MHOXKECTBA # HAWIYYIIYI0 albTEPHATHBY, COOTBETCTBYIOIIYIO
HauOoJblIeMy 3HAYEHHIO ANpHOPHO HeusBecTHOW (yHKUMU V(y;) Ha OCHOBE IpPEANOYTCHUH JHMIa,

npunumaroniero pemenus (JIIP).

4. IlpeanosnoxeHust

B ocHOBY MeT01a II0JIOKEHBI CIEAYIOLINE MIPEATIONOKEHHS O BO3MOKHOCTSX JIIIP:
e JIIIP MoOXeT cpaBHUBATb IO NPEANOYTUTEIBHOCTU JBE MHOIOKPUTEPHAIbHBIC aJIbTCPHATUBBI,
OTJIMYAIOIINECS OIICHKAMU TOJBKO 10 IBYM KPUTEPUSIM;
o JIITP moxer CpaBHUBATh IO MPECANOYTHUTCIIBHOCTU JBC aJIbTCPHATUBBI, OTJIHUYAIOMIUECA I10
0oJbIIEMY, YeM JIBa, YHCIY KPUTCPUEB, SCITH MPH 3TOM OJHA AIETCPHATHBA IPEANOUYTHTEIbHEES
JIPYTO¥ IO OTHOMY KPUTCPHUIO U YCTYIIACT €l He 00JIee YeM 0 TPEM KPUTEPHUSIM.
[Ipu momapueix cpaBHeHUAX JITIP MOkeT maBaTh OAWH U3 TPEX BOSMOXKHBIX OTBETOB:
1. AunbrepHaTuBa A NpeAnoYTUTEIbHEE AIBTEPHATUBEI B.
2. AnprepHaruBa B npeanoururenbHee adbTEpHATUBBL A.
3. AnbpTepHaTUBBI A U B 0IMHAKOBO MPEANOYTHTEILHBI.

CraenaHHble IPennoaoxeHns o Bo3MoxkHocTsIX JIIIP nmerot cremyromme 060CHOBaHUS.

Ilepsoe npeononoxcenue MHOTOKPATHO TIPOBEPSUIOCH INPH NPUMEHEHHH METOIOB CEMEHCTBa
3AIIPOC [5]. Oxasanoch, YTO JIOAM JAOCTaTOYHO TIIOCIEAOBATEIbHBI U HENPOTHBOPEUMBHI IPU
BBINMOJIHCHUM JIaHHOW omepanud. B skcrepuMmeHTax HaOmronamuch 2-6 mpoTuBopeuwii mpu 50-60
CpaBHEHHUX.

Bmopoe npeononosicenue mopsepranoce npoBepke B padore [8]. Ilpemmonaraercs, 4To mpH
HE3aBUCHMOCTH KPUTEPUCB CPABHCHUE MPEAIIOYTUTESIFHON OIICHKH OJTHOW abTCPHATUBBI C ABYMSA-TPEMSI
MPEIIOYTUTEIFHBIMU  OIICHKaMU JPYTOW allbTCPHATHBEI HE CO3/MacT 4YpPE3MEPHOW HArpy3Kd Ha
KpaTKOBPEMEHHYI0 TamsiTh. [lomyumma TOATBepkAcHWE rumoTe3a o Tom, uro JI[IP wmoxer
MOCJICIOBATEIEHO M HETPOTUBOPEUYMBO CPABHUBATH OOBEKTH, OTIMYAIOMIMECS OICHKAMH IO TpeM
KPUTEPHSIM.

OCHOBBIBasiCh Ha 3TUX MPEIIONOKEHUIX, IpeAaraeTcs Mmpolenypa MOomapHOro CPaBHEHHS IBYX
MHOTOKPUTEPHAJIbHBIX AJBTEPHATHB HAa OCHOBE IMPHHIMUIA MapHOW KOMIIEHCALIMH, KOTJa HEIOCTATKH
OJIHOM aJbTEePHATUBBI MBITAIOTCS YPAaBHOBECUTHh HEJOCTATKaMU JAPYroil W B PE3yJIbTaTe OMpPENEsIoT,
Kakas K€ U3 IBYX aJIbTCpHATUB 06J1a;[aeT MCEHBIIMMHM HEAOCTATKaAMU UJIN 6OJ'II>U_II/IMI/I JOCTOMHCTBAMHU.

4. ®opMaabHbIil aHATIU3

OcHoBHasi 1enb (opManmbHOTO aHAIM3a MHOXKECTBA AaJbTEPHATHB COCTOUT B  BBIIBICHUH
MOTEHIMAIBHO JyYIIeil albTepHATHBEI, KOTOpas sBiseTcs Kak Obl 3TaoHoM 1yt JIIIP mpu momapHOM
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CPaBHECHHM C APYTMMH ajbTepHaTHBamMy. KOHEYHO, MOKHO MpenbsBUTH cHHCOK anmbrepHaTtuB JIIIP u
HONPOCUTh €ro yKa3aTb HPEANONOKUTENBHO JIyUIlyl0 anbTepHaTuBY. OJHAKO, H3BECTHO, YTO IIPH
JOCTaTOYHO OOJIBIIOM YHCIIE IBTEPHATHB M KPUTCPUEB Takas 3a/ada CIMIIKOM CIIOXKHA JUIl HEro.
OwunoKy B €€ PEeIICHHH MOTYT IPHUBECTH K OOJBIIOMY YHCIy JOMOJIHUTEIBHBIX cpaBHeHUH. [loaTomy
npesIaraeTcs ONnpeessiTh IIOTEHINAIBHO JIYUIIYIO alIbTEPHATUBY (POPMAaIBHBIM CIIOCOOOM.

KoneuHo, Ha 3Tame (opMaabHOTO aHalW3a MbI €Ilé HUYero He 3HaeM o mpennoutenusx JIIIP, o
BaXHOCTH Ui HEr0 TeX WIM HUHBIX OLIGHOK MO KpurepusMm. OJHaKo, Aaxe MpU ITHX YCIOBUAX
(opManbHBI aHAIM3 MOXKET 3aocTpurh BHUMaHue JI[IP Ha anpTepHaTHBe, KOTOpass B YEM-TO
MPEBOCXOIUT KAXKAYIO U3 OCTAIbHBIX.

KomnreroTepHsrit aHanmu3 mpoOieMsl ocymectBisercs 0e3 ydactus JIIIP. Ilpu npoBeneHnn anammsa
MpeAToaaraeTcs paBHast BAKHOCTh KPHUTCPHUEB.

@DopManbHBIN aHAIN3 COCTOUT U3 JBYX ATAIOB!

Ilepgviti 5man 3aKiIO4aeTcs B IIONAPHOM CPaBHEHHM BCEX AalbTEPHATHB, BBINOIHICMOM
KOMITBIOTEPOM [0 CIIEAYIOLIEMY aJITOPUTMY:

1) OcymecTBisieTcs HOPMHPOBKA OICHOK aNbTEPHATHB B KAKIOH Iape CpPaBHUBAEMBIX

albTEePHATHB!

e  JUIg BCEX KOJIMYECTBEHHBIX IIKAJ HAXOIUTCS CpeiHEee 3HAUCHHUE TI0 OLIEHKaM JIBYX aJbTepHATUB;

® Uil KayeCTBEHHBIX IIKaJI: OepyTcsi HOMepa KadeCTBEHHBIX OICHOK W 10 HHUM HaXxOJIUTCs
«cpenHuit» (MCKyCCTBEHHBIH) HOMED;

® cClM MO KPUTEpPHIO TpeOyeTcss max, TO OIEHKa aJIbTEPHATHBBI JIEJIUTCS Ha CPEIHION; €CIH
TpebyeTcst min, TO CpeaHss JETUTCS Ha OICHKY.

2) s Kaxmod M3 OBYX aJbTEPHATHB IOACYMTHIBACTCS CyMMa OajioB, IOJTYYEHHBIX TaKUM
00pazoM, moOeTuTeNeM SIBISIETCS AbTEPHATHBA, MMEIOIIAsi HAHOOIBLIYIO CyMMY.

Bmopoti sman cocTOUT B TIOATOTOBKE Tocen0BaTenbHOCTH omnpoca JIIIP ¢ 1enpio BBISBICHUS €ro
MPEANOYTEHUMN.

OTOT 3TaIl TaKkKe BBHIMOIHAECTCS KOMITbIoTepoM Oe3 ydactus JIITP.

e Ha ocnoBannu npunuuna ne Konpopce [9] BbiOMpaercst anbTepHaTHBa, KOTOpas HauboJbliee
YHCIIO pa3 MoOeKAaeT MPH MONapHBIX CpaBHEHHX Ha dTane 1. OHa 0OBSBISETCS MOTEHINAIBHO
nyumeit (ITJIA).

e Bce anbrepHaTHBEI, HeoNTUMaNbHBIE 110 [lapeTo, UCKIIOUAIOTCA U3 PACCMOTPEHUS.

e  OcraibpHble aJTbTEPHATUBHI YIOPSIOYUBAIOTCS MO BesMunHe hopmanbHoro ommyuns ot [JIA: ot
Oonpmiolr (Oomee SIBHOE TIPEBOCXOACTBO) K Maioi, YTOOBI OOECIEYHTh MOCTEIIEHHOE
BO3pacTaHue TPYAHOCTU cpaBHeHUi auis JIIIP.

Wrak, menpio QopmManbHOTO aHanmn3a SBISIETCS IHMOATOTOBKA COBOKYMHOCTH BompocoB k JIIIP,
KOTOpast O3BOJISIET:

- obecrieunTs MHHHMaNBHYIO Harpy3ky s JIIIP, HamMeHpImee mpexmojaracMoe YHCIIO

BOIIPOCOB;
- OOGecneuynTh NOCTENEHHOE BO3PACTaHNE TPYJTHOCTH BOIPOCOB,;
- OO0ecrne4nTh MaKCUMAJILHO BO3MOYKHOE MCIIOIb30BaHue nHpopmaruu ot JIITP.

6. [Ipo0.JieMbl, BOZHUKAIOLIUE HA 3Tane (POPMAJBLHOI0 AHAJIM3A

Omnpenensiss Ha dTane (OPMANBHOTO aHANIM3a MOTEHIMAJIbHO IIYUIIyIO albTEepPHATHBY IIYTEM
MOTIAPHBIX CpaBHEHWH, MbI wucmoins3yeM mnpuHOun xae Kommopce [9]: «Hawmmyumel cumraercs
IbTEPHATHBA, KOTOpas MOOEXIaeT BCE JAPYrde MNpU IIONMAPHBIX CPaBHEHUSAX». XOTS NPUHLUI e
Konnopce mpencraBisieTcss OECCIOPHBIM NMPU TPOBEACHUU MAPHBIX CPaBHEHMH, B psilie CIy4aeB OH
MPUBOAUT K LUKIMYHOCTH HA MHOXKECTBE albTepHATHB. Hampumep, paccMOTpUM CIEAyIOIIUE TPH
ansrepHaTuBel A, Bu C:

Kpurepuii 1, max
Kpurepuii 2, max

W N[~ 3>
—lw oW
N = |A

Kpurepuii 3, max

ITo pe3yabraTam GopMalibHOTO aHaiIM3a noiyyaercs, uro B>A, A>C, no B<C.
Haiiném ycioBue, NpH KOTOPOM LHUKJIBI HUKOIZAa He BO3HMKalT. OO003HaYMM depes

0'1’k, U{k, I O'){,k — cpelHHe AN 3HAaYEHUN KPUTEPUEB, MOJCUUTHIBAEMBIE IPU MOMNAPHOM CPaBHEHUU
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anbTepHaTHB A; U A, O6o3HaUMM depe3 yy,---,¥y - CPEJHHE IO 3HAYECHUSIM BCEX aNnbTEPHATHUB IO

KpUTEepHsIM (MOACYET CPEJHMX OCYLIECTBISIETCA IO H3N0KEHHBIM BBIIIE MpaBWiIaM). Tak Kak B
COOTBETCTBMH C M3JI0’KEHHOH BBIIIE NPOLEAYPOH aNbTepPHATUBLI A; U A; HE HAXOAATCA B OTHOLICHUH
JOMUHHUPOBAHHUS, TO UMEIOTCS KPUTEPHUH, IO KOTOPBIM A; IPEBOCXOUT A, U Ha060poT. O003HaUMM uyepes

" - .
& — MHOXKECTBO KPHTEPHEB, IO KOTOPBIM A; NIPEBOCXOIUT Ay, U 4Yepes C j& — TIO KOTOPBIM OHa i

ycrynaet. ITycts A, BeiOpana kak I1JIA, 1 oHa Mo GopmManbHOMY aHaNU3y MPEBOCXOAUT Ay.
Torga:
J k J k

x] —x; xj —x;
> > > e )]

ieCy O ieCy T

Ymeepoicoenue 1. JlocTaTOUHBIM yCIOBHEM OTCYTCTBHUS IIMKJIOB HA MHOXKECTBE aJIbTEPHATHB A SIBIISICTCS
BBINOJIHEHHE CIIENYIOLINX YCIOBUM JUIsl TI0O0M Napkl alnbTepHATHB A; ¥ Ay

yi<oft, VieCy, )
ik . _

yizof", VieCy. (3)

ﬂoxa3ameﬂbcm60.

JeiictBuTensHo, Tpu BeINoaHEeHUH (2), (3) ycnosue (1) He HapymaeTca u OyAeT TeM ke, Kak Ipu
MONIApHOM CPaBHEHUH, TaK U IIPH CPABHEHUH BCEW TPYNIIBI aNbTEPHATHB, TJI€ BO3SMOXKHOCTH MOSIBICHHSA
IIMKJIa OTCYTCTBYeT. TakuM 00pa3oM, IMKIBI OyIyT OTCYTCTBOBATH HPH IOMAPHBIX CPaBHEHHSX, YTO H
TpeOOBaIOCH T0Ka3aTh. [

OueBUIHO, UYTO YyTBEpXIeHWE | SBISETCS MOCTAaTOYHBIM, HO HE HEOOXOIMMBIM YCIOBHEM
AIMKIMYHOCTH. Tak Kak B 0OIIEM ciy4ae HMKJIbI MOTYT BO3HHUKHYTH, TO HEOOXOIUM JITOPUTM MOUCKA
IUTA mpu nx vanuumu. Hanbonee pasymeH ciemyromuid anroput™. Ecnu ansrepHaTtuBbl A;, A; U Ay
MPEBOCXOIAT IPH MOMAPHBIX CPABHEHUSAX BCE NMPOYME U MIPU 3TOM 00pa3yroT LUKI, TO B KadecTBe IIJIA
CIENyeT B3ATh albTEPHATUBY, ABIAIOILYIOCS JydIled NpH IPyNIoOBOM cpaBHeHUH A;, A; u Ay Ecnu Bce
OHH OKa)XyTCsl paBHOLICHHBIMH, TO B KadecTse I1JIA MOXHO B34Th M00YI0 U3 HUX.

7. llpumep: popMaIbHBIA aHAIM3

OOpatuMcsl K HameMy mpuMepy. OTar (GopManbHOTO aHanm3a mpeactaBieH B Tabmume 2. Jlns
Ka)K[JOrO CpaBHEHHS B TAOJIMIE IPUBECHBI HCXOJHbIC aNbTCPHATUBBI, UX HOPMHUPOBAHHBIE MO MPaBUIAM
(hopMabHOTO aHaNM3a OIEHKH, BEKTOPHAs pa3sHOCTh MEXAYy BapuaHTaMu (cTpoka «PasHOCTE») H
pe3ynpTaT — CyMMa KOMIIOHEHT «pa3HocTH». Eciam pesynpraTr Oosbine 0, TO mepBasi anbTepHATHBA U3
napsl JIy4iiie BTOpOii, B IPOTHBHOM CJIy4ae — Ha000pOT.

TABJIULIA 2. Ilpumep cpaBHeHHUsI Ha 3Tane pOpMaJIbHOTO aHAIH3a

Kputepun [ 1(max) | 2(min) | 3(max) | 4(min) | Smax) | 6(max) [ 7(max)
CpaBHenue Var 1 u Var 2

Var 1 400.00 1.00 200.00 6.00 1.00 5.00 3.00
Var 2 300.00 5.00 4500.00 16.00 3.00 5.00 3.00
Hopmuposansslii Var 1 1.14 3.00 0.09 1.83 0.50 1.00 1.00
Hopwmuposaunsiii Var 2 0.86 0.60 1.91 0.69 1.50 1.00 1.00
Pa3HOCTB: 0.29 2.40 -1.83 1.15 -1.00 0.00 0.00

Pesynbrar: 1.001760: Var 1 nyume Var 2

B nmanHoMm ciydae aywiued W3 mapel oOkaszajnach anbrepHaruBa Var 1. [lpoBens aHanoruuHo
CPaBHEHUS OCTAJIBHBIX Map AIbTEPHATHB, TIOJyYNM AaHHbIE st Tabmuist 3:

TABJIMLIA 3. Pe3ynbTaThl IONAPHBIX CPAaBHEHHH

Bapuanr KonnyecTBO BBIMIPaHHBIX MONAPHBIX CPABHEHUIT
Var 1 2
Var 2 1
Var 3 3
Var 4 0
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A generalized cost-optimization model for several flexible transportation systems (FTS) under random disturbances is
considered. The objective is to minimize the average total expenses, while the optimized variables are the starting times of all FTS,
the planned starting moments for all transport operations entering each FTS, and the restricted resource levels for all types of
transport resources.
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transportation moment, service discipline.

Introduction

The paper considers a generalized resource delivery model for flexible transportation systems
(FTS) under random disturbances. Each flexible transportation system consists of a set of transport
operations which are carried out in a certain logical order. The duration of each operation is random and
the corresponding probability density function is pregiven. All FTS can be operated by using renewable
transport resources of different types which are stored and maintained in the company's central
warehouse. Each type of resources is in limited supply and is fixed at the same level through the planning
horizon. Each operation entering a FTS requires various types of transport resources with fixed
capacities. For any operation, its planned start moment has to be determined. That means that an
operation cannot start before its planned moment. If an operation starts transporting affer the planned
moment, a pregiven cost penalty per time unit of the delay has to be paid by the company.

The cost parameters of the model comprise the following expenses:

1. The costs of hiring and maintaining transport resources within the planning horizon. Resources
are to be hired and delivered to the central store before the moment of the first FTS starts to be
operated, and they are released at the moment when the last FTS completes its transportation.

2. The cost penalties per time unit for the delay in starting each operation entering each FTS.

3. Since each FTS has its due date D, a penalty cost C" has no be paid to the customer for not

accomplishing the planned delivery amount on time. In addition, a penalty cost C has to be
charged for each time unit of delay after the due date. If the planned delivery is accomplished

before D, it has to be stored until the due date with a penalty charge C™ for each time unit of
storage.
The following problems have to be determined in order to minimize the average total expenses of all
FTS:
- the starting time moments for all FTS to be realized,;
- the planned starting moments for each operation entering each FTS;
- the restricted resource levels for each type of transport resources.

48



1. Notation

Computational Methods and Modelling

Let us introduce the following terms:

Q
n
0.

1

the 1 -th FTS, 1<i<n;
the number of FTS;
the j-th transport operation entering the i-th FTS, 1< j<n;; note that if 0O;, precedes

O;; , relation j; < j, holds;

ij, »
the number of operations entering the i -th FTS;

the duration of Oj;; (a random variable);

the density function of t;; (pregiven);

the number of different types of transport resources;

the capacity of the k -th type of resources to be utilized by O;; (pregiven), <k <m

the time moment Oj; actually starts (a random value conditioned on the model's decision);

the due date of the i -th FTS (pregiven);

the time moment of the i-th FTS starts to be realized (an optimized variable to be
determined), 1<i<n;

the actual moment Oj; of the i1 -th FTS completion (a random value);

the planned time moments operation Oj; has to start transporting (an optimal deterministic

schedule to be determined in advance);
the actual moment Oj; is completed, F; =S;; +t;; (a random value);

the resource level of the k -th type resource to be hired for the central store (an optimized
variable to be determined);

the free (not-utilized) resources of the k-th type at the central store at moment t (a
random value), 1<k <m; R, (t) <R, ;

the lower bound of value R, , <k <m (pregiven);

the upper bound of value R, , 1<k <m (pregiven);

the lower bound of value S;, 1<i<n (pregiven);

the upper bound of value S;, 1<i<n (pregiven);

the penalty cost for the i -th FTS delay (a single payment to the customer), (pregiven);

the penalty cost for each time unit of the i -th FTS delay, in case F > D, (pregiven);

the storage charges per time unit for the i -th FTS completion before the due date, F < D;

(pregiven);
the cost penalty to be paid by the i-th FTS per time unit of the j-th operation's idling, i.e.

in case S;; > T;;, which is the difference between delivering and feeding-in transportation

12
resources (pregiven);

the cost per time unit for hiring and maintaining a k-type transport resource unit
throughout the planning horizon, 1<k <m (pregiven);

the non-operational total transportation company's expenses which comprise all kinds of
cost penalties and the cost of hiring and maintaining resources.

2. The problem

The general problem, in order to minimize the transportation company's total average expenses, is to

determine:
- in advance, optimized deterministic variables S;, R, and Ty, 1<i<n, 1<j<n,

i

1<k <m, and,
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- within the planning horizon, actual starting times S;; for all operations O; (random

values).
n C |
S 1Ry} (T} {8y} "
subject to
S 2Ty, )
S; > E, if O;, precedes Oy, @

t={S;} = D <R (D), 1<sk<m,
H8H
where random value C satisfies

“)

m n
C= Y [C;y(S;—Tyl+ 2. Cy Ry [MaxF, —Miysﬁ]@{[d‘ +C(F-D;)-81+C; (D; ~F)(1-8))} ,(5)
{i,j} k=1 ! L) i=1
and
¥H3>Q,
6 —_

i 0 otherwise. ©)

3. The solution

Problem (1-6) is solved as follows. Two hierarchical levels are incorporated in the model — the
upper (external) level and the lower level. At the upper level an approximated search algorithm is used to
determine the optimal values {S;}, {R} and {T;}, 1<i<n, 1<j<n;, I<k<m. Parameters {S;},

{Ry} and {T;;} solve as the input values for the lower level where values S; are determined via

simulation, on the basis of a special service discipline [1]. The latter is used to deliver free (available)
resources Ry (t), 1<k <m, at each essential moment t among operations, which are waiting for needed
resources and are ready to be transported. As to parameters {S;}, {R, .} and {Tj}, they are optimized via
the cyclic coordinate descent method [2], which is simple in usage and has been successfully realized in
various transportation systems, production control and project management problems [1].

Extensive experimentation for medium-size FTS have demonstrated the efficiency of the

developed two-level algorithm. The suggested model covers a broad spectrum of transportation systems,
which are specified in developing, designing and delivering complicated assembly orders.
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? Bolcuwas wikona mexuuxu, sxonomuru u Kynomypel Jetinyuea, Kapa Jubknexm wmpacce, 132,
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Be1bop BapmaHTa YCTpOMCTBAa Tpacchel 3JIEKTpoKabesel sBISETCS CIOXKHOW 3ajadeil KOMILIEKCHOTO BBIOOpA BCIIEACTBHE
MHOXKECTBAa BO3MOJKHBIX MATEPHAJIOB, YHEPreTHYECKOH U MH(MOPMALMOHHON CIOKHOCTH. OCOOSHHO CIIOXKHBIM SIBIISIETCS BBHIOOD
BapHaHTa TPACChl B YCIOBMSIX XMMHUYECKON mpomsiiuieHHOCTH. [Ipn BeIGOpE Hanboee paroHaIbHOTO U3 MHOXKECTBA BO3MOXKHBIX
BapHaHTOB KaOeJILHOU Tpacchl TpeOyeTcs: popMyIMpOBaHIE MHOTOLIEICBOH HHTEPAUCIMIUIMHAPHOH 3a/1aut, IPH PEIIeHHH KOTOPOi
YUHTBIBAIOTCSA TPEOOBAHMS SIEKTPOTCXHUKH, CTPOUTEIBHONW TEXHHKH M TexHonoruu. Mmeromascss uHpopMamus OOBIYHO He
SIBISICTCS COBEPIICHHO TOYHOW. [l BHIOOpa palOHAIBHOIO BapuaHTa MPEIJIAraeTcs aIropUTM, OCHOBAHHBIA Ha CBS3H TEOPHUH
HEUYeTKHX MHOXKECTB ¥ TeOpUH UTp. Pemena koHKpeTHas 3aiada BEIOOpa.

KioueBble cioBa: mpaccer snekmpokabeneil, MHO20Yene8oll 6bl00p, PAYUOHATbHBLI 8APUAHN, HeYemKue MHOXMCeCMEd, meopus

uep.
1. BBenenne

Tpaccel kaOeneil ABIAIOTCS CBA3YIOUIMMHU 3BEHBSIMH MEXIY PaclpelelsioIUM 3IEKTPOIHEPTHIO
obopysoBaHueM u 00opynoBaHueM norpedutens. OHU CiIyXaT TakKe ISl Nepeiayd MHPOPMAIIMOHHBIX
CHTHAJOB MPOTHUBOIIOXKAPHOM OXpaHbl W OXpaHbl Oe3zomacHocTu. Tpacchl Kabened SBISIOTCS
J0OPOTOCTOAIIMMHU U MaTECPUATIOCMKHUMU. PaLlI/lOHaJ'II)HOCT]) X HUCIIOJIHCHHUA OKa3bIBACT 60.]'1])1]_[06 BIIUSAHHUC
Ha Ha/IOKHOCTH o0ecrieueHus deKTposHepriel. BeiOop BapuaHTa ycTpoiicTBa 31eKTpoKkabesneil apisiercs
CIIOKHOM 3ajadell KOMIUIEKCHOTO BBIOOpA BCJIEICTBUM MHOXKECTBA BO3MOXHBIX MaTEpHAIOB,
9HepreTrieckor u MHGOPMAMOHHOM citoxkHOCTH. [Ipu BEIOOpE Tpacchl HE0OXOIMMa TOYHOCTh aHAIN3a
1 BBIOOpa BapWaHTa yCTPOHCTBa Tpacchl. OCOOCHHO CIIOKHBIM SIBIISIETCS BBIOOD BapHaHTa TPACCHl B
YCIOBUAX XMMHUYECKOH NPOMBILIIEHHOCTH. Ype3BbIUAHO CIIOKHBIM SIBISIETCSI YCTPOWCTBO TPAacChl Ha
TEPPUTOPUH MIPEATIPHUATHA M3-32 BIMSHNSA, OKa3bIBAEMOTO OKpY’KafoLel cpelloi W MPOU3BOJCTBEHHBIMHU
mpoueccaMu. B Takux ycIOBUSIX BO3HMKAeT OMNACHOCTh KOPPO3MH, I0Kapa, B3pbIBA, XMMHUYECKHX
BO3ICUCTBUH, BIMSHHS SIOBUTHIX T'a30B M APYTUX Bo3AeicTBUIl. HeoOXoanMo KOMIUIEKCHOE pelIeHHe.
ITpu BeIGOpE Hambonee pPaIMOHAIBHOIO W3 MHOXKECTBA BO3MOXKHBIX BAPHAHTOB KaOENbHON Tpacchl
Tpebyercss (popMyTupOBaHHE MHOTOILEICBONM HMHTEPIUCUUIUIMHAPHON 3aJa4yu, HPU PEIICHHH KOTOPOi
YUUTBIBAIOTCSA Tpe6OBaHl/lﬂ QJICKTPOTECXHUKHU, CTpOMTeﬂbHOﬁ TEXHUKHU U TEXHOJIOTHUH.

2. Bo3MoKHbI€ BADHAHTHI TPACCHI

B KOHCTPYKTHBHOM IUTaHE NIPHU PEHICHWHN ITOCTABICHHOW 3a7add ObIIa BO3MOXKHOCTh PACCMOTPEHUS
OTHOCHUTEIIFHO OTPAaHMYEHHOTO KOJMYEeCTBA BapHaHTOB YCTPOWCTBA KaOEMBHOH Tpacchl. ABTOpaMH
CTaThH MPECIEeN0BANACh LEb NPEAJIOKUTh HOBBIA METOJl PELLEHUS 3TOM CII0KHOM 3afauu. Bo3aMoxkHbIe
BapHaHTBl yCTPOMCTBAa TPAacChl MOKHO PAa3/IENHUTh Ha [IBE TPYIIIBL IOJI3eMHas KabeipHas Tpacca H
HaJ3eMHas KaOelbHas Tpacca.

HccnenoBanuch neBATH BO3MOXKHBIX BAPHAHTOB:

®  BBICMKA,

e  KkaleNbHBINA KaHAJI C BO3MOXKHOCTBIO MPOX0/1a 00CTYKHBAIOIIETO MEPCOHANA;
e  KaOeNbHBIN JIOTOK;

e  HajJ3eMHAs YKIIAJKa,

®  OTKpBITas MOPOTOBas YKIAJIKa;

e  kabOelbHBINA MOCT;
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e  OCTOHMPOBAHHBIN JOTOK;
e KOMOWHHpPOBAHHBIM MOCT U3 Kabemnel u Tpyo;
e  crayibHas KOHCTPYKIHA (3a60p).

Botemka. Kabenp yxiagpiBaeTcsi Ha BbIpaBHHBarommii ciod u3 100 MM mecka W 3achimaeTcs
YIUIOTHEHHBIM cjioeM Iecka TonuuHoi 100 mm. BepxHuil cioif MOYKHO MOJHOCTBIO 3aKPHITh IJIUTaMHU.
Hacrosmmii BapuaHT ycTpolicTBa Haubojiee mNpueMyieM Uil Tpacc, TPEOYIOMMX ITOCTOSIHHOTO
HaOJIONIEHNsI, TaK Kak oOecreuuBaeTcs XOpomMi mojaxon K Tpacce. OJHAKO BO3HHMKAeT ONAacHOCTH
HaKOIUICHNSI arpecCHUBHBIX MaTEPHAJIOB, KOTOPHIE MOTYT IOBPEIUTH 3alIUTHBIN cioi kabens. OTkoc
BBIEMKH TIpH HEOOXOIMMOCTH MOXET OBITh YKpEINJEeH, HampuMmep, OCTOHHBIMM WJIM Ta30HHBIMH
SAYEUCTHIMHU TUIMTaMu. [Ipy BA3KOM TpyHTE HEOOXOANMO yCTPOWCTBO APEHAXKA MIIM APYTOTO BHIA OTBOJA
BOJIBI.

Kabenvuoiii kanan ¢ BO3MOXXHOCTBIO IIPOXOAA OOCITY>KMBAIOIIETO II€PCOHAJa COCTOUT U3
JKeJNe300eTOHHBIX CErMEHTOB, KOTOPBIE YKIIAIbIBAIOTCS APy OKoso apyra. KoHncomu n miatdopmsl s
KabeJiell BHYTPH CETMEHTOB CITy’Kat JJIsl yKianku kadened. Kabenu nzomupyrorest ot Biaru. Kpome Toro,
yCTpauBaeTcsi CUCTeMa BEHTWILMU. B ciyyae mojkapa oHa OTKIIIOYAeTCs U3 LEHTPAIBLHOIO Myibra. B
KaHajle TapaHTHPYeTCs BO3MOXKHOCThH IIPOX0Jia, MOITOMY €ro BbicOTa gocturaer 2 M. MHcramupyercs
JOCTaTOYHOE ocBelieHne. Ilpu mocrynme B KaHal XMMHUYECKHMX MAarTepualioB  BO3HHKAET BBICOKAsS
oracHocTh KabensM. C Mo3UIHi NOTpeOUTENsl 3TOT BApPHAHT IPUEMIIEM, TaK KaKk HMEETCS BO3MOXKHOCTb
OBICTPOrO M HEJIOPOroro 3aMeHa WM peMoHTa Kabened. OTpuuaresbHbIM SBISIETCSl TOT (DaKT, YTO IS
yCTpOMCTBa TaKOH TPacchl TPEOYIOTCS 3HAYUTEIBHbIC KAITUTATOBIOKEHHS.

Kabensuviii nomok cocrour u3z U-o0pazHoil (OpPMBI 3JIEMEHTOB W IUTUT IOKPHITHA. BHYyTpH
ycrpamBaercs miaropma ans kabemedd. [myOwHa yKiIamkd 3aBUCHT OT TpeOOBaHUM Mpoe3na Haxg
KaHaloM. B maHHOM ciydae TpeOylOTCS OTHOCHTENBHO OOJbIINE WHBECTHLMH. [loMCK HapyleHuH
Kabess TpedyeT OOJIBLIMX 3aTPaT BPEMEHH.

Has3zemnan yknadka BEIIONHSETCS B TEX MECTaX, Ie HET ABIDKSHHS TpaHCIopTa. [ myOuHa Tpaccsl —
10 600 mm. CBepxy kabelnb 3aKpbIBaeTCsl IUIMTaMU. B TaHHOM cityyae 1pH MOUCKe TOBPEXICHUH Kabes
TpeOytoTcsi OoJiblliMe 3aTpaThl BpeMeHHU. JloCTyn arpecCHBHBIX MPOAYKTOB HEJNOIYCTUM BCIEICTBUE
HEKOHTPOJIMPYEMOCTH MOTEPb.

Omkpvimasa nopozoéaa yknaoka. BeTOHHbIE NOPOrd YKJIAAbIBAIOTCS HA PACCTOSHUM 3-5 M
HE3aBHCHMO OT THIIa Kabesns u ero npoduis. [lnpuna Moxxer MeHsTecs. [llupuHa GETOHHBIX 3JIEMEHTOB
— 1 ™. IlomBecka kabensi 3aBHCHUT OT €ro TEeMIIEpaTypHOH ycaakd M COOCTBEHHOro Beca. Bricora
npokiranky kadens — go 100 Mm. Ha HOpOXHBIX ¥ JKEIE3HOAOPOKHBIX TEPEeKpecTKax Kabenb JOIDKCH
YKJIQABIBAThCS B TPYOBI MIIM KHPIIUYHBIC KaHANbl. beTOHHbIE KaHaIbl MOHTHPYIOTCS Ha BHIPAaBHUBAIOIIEM
cioe mebHa win TpaBus. [IpenMyInecTBOM 3TOr0 BapHaHTa SIBIAIOTCS MUHMMAJIbHBIE WHBECTHUINHU H
yZIoOHBIE YCIOBHS PEMOHTA, a HEJOCTATKOM — HEOOXOJUMOCTh CBOOOHOTO MECTa JIsl yCTPOMCTBA.

Kabenvnole mocmol — 3TO CrielMabHas [I€1€Basi KOHCTPYKILUS, KOTOPasi CTPOUTCS Ha MPEANPUITHN
JUISL OCHOBHOM KaOeJIbHOM TPacChl U IUIAHUPYETCS ISl JUIUTEIBLHOTO MCIOb30BaHus. KabenpHble MOCTBI
— OTO IJIMHHBIC MPAMBIC 3JIEMCHTBI CO 3HAYUTEIIbHBIM KOJIUYCCTBOM IEPECCKAIOMINXCA 3JIEMEHTOB. Ounu
BO3MOJHBI TOraa, Korga HE NpEeaAyCMaTpuUBarOTCsA MOCTBI JJId pr6OHpOBOILOB WJIX OHU IIOJTHOCTBIO
3aHsAThl. KabenbHbIE MOCTBI HE JOJDKHBI IPENATCTBOBATH paboTe TpyOorpoBoaoB. CpemHsisi BbICOTA
npoxoja — 2 M. Bo3moskHast BbicoTa mpoesna — He MeHee 4,5 M. KpoMe Toro, MpoeKTHPOBIIMKH JTOIKHBI
NIPEAYCMOTPETh PaBHOMEPHYIO BBICOTY IO Bced manmHe kKabens. HeoOxoaumbl 3HauMTENBHBIE
nHBecTHIMHN. CTpOWTENbHBIE 3JIEMEHTHl  KAaOENbHBIX ~ MOCTOB M3TOTAaBIMBAIOTCS Ha 3aBOJAx
KEJIe300€TOHHBIX KOHCTPYKIIHH.

Bemonuposeannsiit 10moK BHIIOIHIETCS U3 OETOHA HEBBICOKOH MapKH M 110 HEOOXOANMOCTH NMEET
2—4 kanana miusa kabenei. Jlnuna nmeraneii — 1000 mM, BbicoTa — 150 MM. JIOTKM B 3aBHCHUMOCTH OT
YCIIOBUI Ha36MHOTO TPAaHCIOPTA YKJIAJbIBAIOTCS HA HEOOXOAMMOHN IiTyOMHE. YKIaaka IMpOU3BOJUTCS Ha
OCHOBaHMH W3 meOHA TommmHOi 50 MM. IIpenMymiecTBOM BapHaHTa SBISETCS OTCYTCTBHE MPETSTCTBHA
JUIS TIpoe3zia Tpancnopta. Kabean OTHOCHTENBHO He3aBUCHUMBI OT BHEINHUX Bo3aercTBHi. HemoctaTkamu
BapHaHTa CJIEAyeT CUUTATh TPYIHOCTH MPH TOWCKE MOBPEKICHHI KaOeaei M OTHOCHTEIBHO OOJBIINE
WHBCCTUIIMOHHBIC 3aTpaThl.

Komobunupoeannwvtit mocm u3 xabeneii u mpyé. Ilpn stom BapuaHTe Kalellb yKIaabIBaeTcs B
MOCTax, NpeJHa3HaYeHHbBIX U YKIaaKu TpyO, WM Takas KOMOMHAIMS IperycMaTpuBaeTcs 3apaHee. B
MocCTe, MpeHa3HauYeHOM Ul TpyO, ycTpauBaeTcs ClielUalIbHbIA 3Tax i Kabeneid. Bapuanty npucyim
BCE TIOJIOKHTENFHBIE CTOPOHBI Ka0empHOro Mmocta. OgHako OH TpeOyeT OTHOCHTENBHO OOJBIINX
MHBECTHIMOHHBIX 3aTpar. 3aTpaThl BO3PACTAIOT, €CIM B TPyOax HUPKYJIUPYIOT TOpsYME MM TOpIoYne
MaTepuasl, Tak KaK B TAKOM Cilydae TpeOyeTcsl JOIOIHUTENbHAs IPOTUBOMOXKAPHAS 3alUTa KaOeIeH.
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Cmanvhasa KOHCMPYKYUA COCTOUT U3 CTAIBHBIX CTOJIOOB. MaKCHMaJlbHOE pPAcCTOSHHE MEXIY
cronbamu — 6 M. Ha HuX yknagbIBaloTcs —cTajbHBlE KOHCONMM M IUIaTGopmbl. B 3aBucumoctu ot
KOJMYeCTBA IUIaTGOpM  BBICOTA KOHCTPYKIMH pocturaer 1,5-2 M. Ilpm HeoOXOOMMOCTH MOXKET
ycrpauBarbes Kpblma. [IperMyiniecTBO BapuaHTa — ObICTpas YKJIQJKa M BO3MOXKHOCTH PEMOHTA.
Hapymenus omnpenenstorca BusyaidbHO. OfHAKO MpH HEPeceYeHHM YJIUL HEOOXOAMMO YCTPOUCTBO
BHUAAyKOB (IIyTEIPOBOOB) UM TOHHENEH.

3. KoHkpeTHbIii MpUMep NOUCKA BAPHAHTA YCTPOICTBA TPacchl dJIeKTpoKadeJiei

HeobOxomnMo BBIOpaTh BapHaHT yCTpOHCTBa 26 Kabemeil Ha ONHOM W3 XUMHUYECKHX 3aBOJIOB
I'epmanum.

B Tpacce mpemxycMaTpuBarOTCs TPH THITA KaOeei:

— 8 xabeneit ma 30 KB 51 mm (NAHK)

— 14 xabeneii Ha 10 KB 60 mm (NAKBA)

— 4 xabens s nepenaun nadopmanuy Ha 1 KB 26 mm (NAYVYBA).

O6o3nauenust kabeneit npunsatel u3 TGL 200-0612/02.07., rae npuBOIUTCS MOJHOE ONHMCAHHUE WX
KOHCTPYKLIWH.

3.1. BHYTPEHHUE ®AKTOPbI, OKA3BIBAIOIIME BJIIMSHUE HA YCTPOUCTBO TPACCHI
KABEJIA

3.1.1. Ilapamempul n1aHo8020 peueHus

[TapameTpbl TIaHOBOTO pelIeHUs] 00yCIaBIUBAIOT BHEIIHHE YCIOBHUS AJIS MPOKIAIKHA TPACCHl U €e
CBSA3M C JPYTUM TEXHOJIOTHYECKHM O0OpyZOBaHWEM NpeanpusTus. Hmke NpUBOAATCS MapaMeTphl,
KOTOPBIX CIIEAYET MPHUICPKUBATHCS TIPH YCTPOUCTBE TPACCHI KaOesl.

1. Tlorpebnocts B mwiomanu (K;). 3a ocHOBHOE H3MepeHHe MPUHUMAETCS IUpUHA Tpacchl. Ecimu
YKJIaJ(BIBAIOTCS IMOJ3EMHBIC KOMMYHHUKAI[MM, NIUPUHA O/DKHA OyTh PaBHOM Hy/II0. BO3MOXHOCTH
npoesa 00ecreunBaeTcst JOCTaTOYHO! TITyOMHOI 3a10)KEHHsT TPACCHI.

2. Orcyrcrue nepeuecenuii Tpaccsl (K;). 10T (hakTop 0c0OEHHO BaXKEH B JKHIIBIX MUKpPOpaiOHaXx,
B KOTOPBIX OOBIYHO HMeEeTCS OOoJbIlas KOHICHTpamWs ceTedl. DTOT mapaMeTp OHpeelseTcs
Ka4eCTBEHHBIMH XapaKTEPUCTHUKAMH B BHJIC IIKAIBI ¢ OTMeTKaMu OT 1 10 10, rae 1 o3Ha4aeT HAMITyqIIHid
BapHaHT.

3. Bo3moxHOCTP ToacoenuHeHus moTpedbutens k Tpacce (K;). BBom Tpaccer xabenst B 3maHue
MOJKET OBITh OCYIIIECTBEH 10 TPEM CXEMaM:

e  HaJ3EMHBIA BBOJ Yepe3 KPHIIY;

e  HaJ3EMHBII BBOJ Ha TOU K€ BBICOTE, YTO U TPaCCa;

e  HAJ3EMHBLIN BBOJ IO 3E€MJIC;

®  II0J3EMHBIN BBOJI,.

Bo3smoxxHOCTH BBOJA [U1s 9 pa3iMyHbIX BAPHAHTOB TPACCHI MPUBOISATCS B TaoI. 1.

4. HeobxomumocTh MecTa (IDIOMIATU) HA CTPOUTENBHOW IUIOMIAJKE JJIS  BBITOJIHCHUS
CTPOMTENBHBIX WA PEMOHTHBEIX pabor (Kj). DTOT mapaMeTp B pacCMAaTpPUBacMOM HaMU CIIydae UTpaeT
CYIIECTBEHHYIO POJIb, TAK KaK Ha XMMHYCCKOM 3aBO/IE TAKKE TUIOMIAN OTCYTCTBYIOT. B KauecTBe OCHOBEI
MIPUHUMAETCS CeUeHre (IINpPUHA, BEICOTA WITH TITyOHHA).

3.1.2. CmpoumenvHrole napamempul

TouHble NaHHBIE O CTPOWUTENBHBIX MMapaMeTpax Ha JAHHOW CTagud MMETh HE INPEACTaBIAETCS
BO3MOXHBIM. OIJHAKO MX MOXHO OILIEHHTH Ha OCHOBE NPAKTHYECKOTO OIBITA M TEXHOJOTHYECKUX HOPM.
Takue napaMeTpbl KaK OpOAOJIKUTECIIBHOCTE CTPOUTEILCTBA, HOTpe6HOCTb B MOIIHOCTAX, BO3MO>XKHOCTb
paciIupeHusi, 3allUThl KaOels ONpPEACSIOTCS KOJMYSCTBEHHO Ui KaXKIOr0 BapuaHTa yCTPOHCTBA
kabess. [TapaMeTphl pacCYMTHIBAIOTCS HAa 1 M TpaHIIeH.

Ipodonocumenvnocms  cmpoumenscmea (Ks). Jns paccMmatpuBaeMoro oOBEKTa BCIIEACTBHE
CTECHEHHBIX YCIIOBHI MCIIOJIL30BAaHUE CTPOUTEIILHBIX MAIIHH IS 3¢MIITHBIX pa00T BeChMa OrPaHHYCHHO.
ITosTomy OombIias 9acTh 3€MIITHBIX pabOT BBIIONHSACTCS BPYUYHYIO, YTO OTPHIIATEIIFHO CKa3bIBaeTCs Ha
TIPOJOIDKUTEIBHOCTHA CTPOUTENHCTBA. CTPOUTENBHBIE pabOTHl B 3aBUCIMOCTH OT BapHaHTa (IIOJ3E€MHEIH,
Ha3eMHBII{) OTIUYAIOTCS B OCHOBHOM OOBEMaMH 3eMIISTHBIX M MOHTaXHBIX pabotr. Jlnms ycrpoiicTBa
BapHaHTOB ,,0TKPBITAs IOPOTOBAst YKIAAKa* U ,,HA3eMHas yKJIaAKa  TpeOYyIOTCS HE3HAYUTEIbHBIE 3aTPATHI
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BpeMeHH. Takue BapHaHTHL, KaK ,,KaOeldbHbIE KaHAIBI C BO3MOXXHOCTBIO TPOXOAa™ WIH ,,KaOelnbHEIE
MOCTHI", TpeOyIOT OOIBIINX TPYI03aTPAT U 3HAYUTEIHHON MPOJOKUTEIFHOCTH.

Cmoumocmo pabom (Kg). PaccmaTtprBaeTcst JHIb CTOMMOCTh CTPOUTENBHBIX paboT. BapuaHThl 10
CTOMMOCTH pa3JIM4aloTCcs BeChbMa 3Ha4MTeNbHO. Hampumep, ycTpoWCTBO BTOPOro BapHaHTa CTOUT B 12
pa3 a0pokKEe, Y€EM IIATOrO BapHaHTa. Kanuranosnoxenuss He MOTyT 6])IT]> YUYTCHBI JOCTATOYHO TOYHO.
O}IHaKO Ha OCHOBAaHHWHU HNPOU3BOACTBCHHBIX HOPM M OIlbITa NPOU3BOJUTCA IO BO3MOXHOCTHU TOYHAasd
OLICHKA.

Iompebrocms 6 mownocmsx (K;). Hanbosnee 3HaunTEIbHBIE MOIIHOCTH TPEOYIOTCS TIPH TIIyOMHHOM
YKIaJKe W MOHTaxe. Pa3muume B HEOOXOAWMBIX MOIMHOCTSX JUIS pa3HBIX BapHAHTOB BechMa
cymectBeHHO. [lpum  QopMupoBaHMH MOIIHOCTEH CTPOWTENBHBIE TEXHOJOTHYECKHAE  YCIOBHSA
MPEJOCTABIIOT OTHOCHTEIBHO OOJNBIIOE IO JesTeIbHOCTH. BenencTBre OONBIION UTMHBI 0ObEeKTa
BO3MOKHO MHTEHCHBHOE HCIIOJIH30BAHNE CTPOUTEIHHBIX MOITHOCTEH.

Bosmooscnocmu pacwupenus (Kg). Ha OonpImnx mpennpusTHSIX MPOW3BOJICTBEHHBIE JMHUU YacTO
pacummpsitorcsi. Bo3Hukaer HeoOXoAMMOCTh pacmmpeHusi Tpacc. 11o3ToMy Tpaccsl HMpPOEKTHPYIOTCS C
pe3epBoM TwTomaay BennauHoi B 20 %. B mpomecce IpuHATHS pelieHns BaKHA CTOMMOCTD PacIIUPEHHS
Tpaccel. [lonyuaeMble 1aHHBIE CO/IEPKAT KOJIUYECTBEHHYIO CTOUMOCTHYIO OLICHKY.

Yoanenue rabens (Ky). BaxHbIM mpolieccoM SBJISETCS JKCIUTyartarus kaoOenei. Hamsop 3a ux
COCTOSIHMEM peasiM3yeTcss B 3aBHCUMOCTH OT BO3MOXKHOCTH monxona k kabemsm. [Ipu ycrpoiicTse
MOJI3eMHBIX KaOenel NMEI0T MecTo OOJIbIIKE 3aTpaThl IPH JIMKBUAALNH CTaBIIMMH HEHY>KHBIMU KaOeJei.

B Tabn. 2 mpuBOAWMTCSA KOJNMYECTBEHHAS OICHKA BIUSHHS BHYTPCHHUX MapaMEeTpPOB B pacdeTe Ha
YCTpOHUCTBO 1 M Tpacchl.

3.2. BHEIIIHUE I[TAPAMETPBI, OKA3bIBAIOIIE BJIMSIHUE HA YCTPOMCTBO TPACCHI
KABEJIEM

3.2.1. Buewnue enusnus

BHemHue ¢aktopsl 13-3a 0OJBILOrO X Pa3sHOOOpa3Ms OKa3bIBAIOT Ha KaOEeNbHbIE CUCTEMBI 0CO00€
BiusiHUe. DakTOphl BIMSHUS B 3aBUCHUMOCTH OT WX ()OpPM BO3JEHCTBHS Kak Ha KaOenmu, Tak M Ha
CTPOUTEJBbHBIE KOHCTPYKIMH, OLIEHUBAIOTCSI KOJIMUecTBEHHO. OLIeHNBAIOTCS TPH MapameTpa:

®  OIIaCHOCTh KOPPO3UH;

®  BEpPOSTHOCTbH HOXKapa;

e  BEpPOSTHOCTb B3PbIBA.

Onacnocms koppo3uu. Ilpn paBHOMEPHOI KOPPO3MK MaTepHan KaOels MOBPEXAAeTCs] apauIeIbHO
MOBEPXHOCTH. YeM HepoBHee (IIepoxoBaTee) MOBEPXHOCTh, TEM OOJbIEe KOPPO3HOHHBIE MOBPEKICHHUS.
O10T (akTOp yCTpaHSETCS MyTeM yBENIWYSHHWs TOJIIMHBI CTEHOK. JIokaybHas (KOJbLieBas) KOPPO3Hs
MPOSIBIIIETCS. B BUAE HapylIeHWH B ¢opMme Kparepa M BMATHH. Ilpu mom3eMHON yxiaake kKabeiei
HeO6XO[ll/IMO 06paTl/ITI) BHMMAaHUC HaA TO, YTO BO3HUKACT OIMMACHOCTH KOPPO3HHU NIPHU 3aXOPOHEHUU OTXOJ0B
npousBojacTBa. C yderoM cCHeUU(HUYECKOro BIMSHHS TIpyHTa Kalelb YKJIaIbIBAaeTCSl C Hapy)KHBIM
3alllUTHBIM CJIOCM. le/l HGO6X0)II/IMOCTI/I Ka6e.]'ll) YKIAABIBACTCA B IJIACTMACCOBBLIX H30JIMPOBAHHBIX
Tpybax. OneHka IpoBOIUTCS 10 OAJUTBHOM CHCTEME B 3aBUCHMOCTH OT CTEIIEHH BO3MOXKHON OIACHOCTH.

Onacnocms nodicapa JUia Kabeneil BO3HMKAET BCIIEACTBHE BO3MOKHOTO BHEIIHETO BO3JCHCTBHS
ouaroB noxapa. OHa onpeJensieTcs Mo OIIaCHOCTH BO3JICHCTBHS M0XKapa Ha CTPOUTENbHbIE KOHCTPYKIIHH.
OnacHOCTh TOXXKapa Js MON3EMHBIX KaOeneid BechMa HH3Ka. [IpM Ha3eMHOM YCTpPOHCTBe Kabemei
HEOOXOANM y4eT MECT Paclo0oKeHHUs HCTOYHUKOB ropeHust. OnacHsle MecTa JOJDKHBI OBITh 3aIUIICHBI
OT ToXapa.

Camu xabenvHvie cucmemvl He ABIAOMCA 83pbl80oNnacHvimu. OITHAKO OHU MOTYT OBITh YJIOXKEHBI B
HETIOCPEJCTBEHHOW ONM30CTH OT B3PBIBOOIACHOTO 00OpymoBaHus. IIpm moa3eMHOM ykiIagke Takas
OTIaCHOCTh CTAHOBHUTCSI MUHUMAJIbHOM.

3.2.2. Ilpoussoocmeennule napamempol

DT0 mapaMeTphl, KOTOPBIE XapaKTePU3YIOT TPACCY C MO3HUIUHI 3EKTPOTeXHUKH. OICHKA MPOBOIUTCS
110 OaJUILHOU CHCTEME.

IIpon3BoACTBEHHEIC MTAPAMETPBI UCCISAYIOTCS CIEIYIOMIM 00pa3oM:

1. Bosmoxssle omuOku. 50 % ommOOK BO3HMKAIOT BCJIEICTBHE MEXAHHYECKHX BO3IECHCTBUM.
[Mo3TOMY MpEANmOYTHTENIbHBI Ka0eJdbHbIE MOCThI ¥ KaOElbHblE METAJUTMYECKUE KOHCTPYKIIHH.
3HAYMTEIbHOE BIIMSIHAE HA TPACCy OKAa3bIBAIOT TEPMUYECKHE M XHMHYECKHE BHEIIHHE BO3ICHCTBUSI.

54



Computational Methods and Modelling

TouHblil TOACYET OOBEMOB M YaCTOT OIMMOOK HEBO3MOXEH II0 pasHbIM npudmHaM. [IpuHMMaromme
pelLIeHus] JNNA, OAHAKO, OO0S3aHBl MO BO3MOXKHOCTH NPABHIBHO OLCHUTH PA3IM4YHbIE BapUaHTBl U
napameTpBl.

2. TlpomomKnTENbHOCTh M CTOMMOCTh YCTPAHEHHS! TIOCIEICTBUH JIONMYLIEHHBIX ONIMOOK.
[TponOIKUTENFHOCTh YCTPaHEHHsI TOBPEXKACHHUS Kalessi 3aBUCHT OT IPOAOJDKUTEILHOCTH MOUCKA
MOBPEXIICHHUS, TOJITOTOBKH YCIIOBUI MOHTa)Ka M MPOJIOJDKUTENBHOCTH peMoHTa kadenst. Heo6xoaumocTsb
OIIEPaTHBHOI'O PEMOHTA 4acTo O0yClIaBIMBaeT W BHIOOp THIA KabelabHOW Tpaccel. B nmaHHOM cityuae
MOJI3€MHBIC BapHaHTbHI IMPOKJIAAKA KalOess pacCMaTpUBAIOTCS KaK HaWXyALIMe, TaK Kak JUIs TMOUCKa
HapylieHus Kabessi HeoOXO MBI 3eMJISTHbIe paboThl ¥ 60Ol cpok paboT. COOTHOLIEHHUE CTOMMOCTH
3eMJISTHBIX  MOHTQ)XHBIX Pa0OT MoOXkeT cocTaBiath 10:1, a B skcTpemManbHbIX ciaydasx — 1o 20:1. [pu
STOM OTHOCHTEIBHO BBICOKA CTOMMOCTh IPOCTOEB, KOTOPYK) COCTaBJIsS€T CTOMMOCTh IIOMCKa
MOBPEXKJICHHUS, INKBUIALNY TIOBPEKACHUS U IPOCTOEB B IPOU3BOICTBE MPOAYKIUU MIPEIIPUATHSL.

3HauYnUTENbHBl 3aTpaThl BPEMEHN W IEHEXHBIX CPEACTB NP JIMKBHIALMH HapyIIeHUi Kabens mpu
CJIEAYIOIINX BapHAHTAX €r0 YCTPOWCTBA: KAOENbHBIN JIOTOK, BEIEMKA, OETOHUPOBAHHBIN JIOTOK, KaHAJBI
06e3 BO3MOXKHOCTH MPOXO0/1a.

IIpu  ycrpoiictBe  kabenmpHBIX  IIATPOPM,  KaOENbHBIX ~ MOCTOB,  TpyD,  KaOenbHBIX
METAJUIOKOHCTPYKIHMH, MPOXOAHBIX KAaHAJIOB, HENPOXOJIHBIX KaHAJOB HEOOXOAUMBI JIOTOJHHUTEIbHbIC
3alIMTHBIE MeponpusTus. [Ipu 3TOM HEOOXOAMMO YCTPOUTH 3alUTHBIE MIaT(hopMbl. OIHAKO 3aIUTHBIM
YKPBITUSIM TIPUCYIIM CYIIECTBEHHBIE HEJIOCTATKW: BO3HHUKAMOLIAas 3JIEKTpUUEcKas Iyra Ha KaOewsx
pedueKTupyeT, YTO YBEJIIMUYMBAET ONACHOCTh MOBPEXICHUs Kalelsl; 3aMeUIsieTCs] IUPKYJISIHS BO3LyXa.
OyHKIMOHAIPHO BpEIHBIX IOBPEXKICHUH MOXHO H30€XaTh COOONIOEHNEM pAcCTOSHUM MEXIy
kabemsMu u mardopmamu. M30exaTh BOZHMKHOBEHHS JIICKTPHUYECKOM IyI'm MOXKHO, HCIOJIB3YS
MOJIMMEPHBIE TTOKPHITHS. 3aTpaThl Ha 3allUTy OT 3JEKTPUYECKOW TYI'M B PAaCCMOTPEHHBIX BapHaHTaX
OLICHUBAIOTCS KaK HE3HAUNTEIIbHBIE.

IIpu ycrpoiictBe kabens mox 3emieil oTmagaeT HEOOXOIMMOCTH 3aTpaT Ha IMPOTHBOIOXKApHBIE
MeponpusaTus. [Ipu BapuanTax ycTpoicTBa Kabeneil B KaHalaX TaKUe 3aTpaThl HEU3OEKHEI.

Pe3ysbTaThl BBINOJHEHHOH OLIEHKH BHEITHUX BO3/ICHCTBUI IPUBEICHBI B Ta0I. 3.

TABJIMIIA 1. Bo3MOXHOCTH 00ecTieueHH s CBS3U MEXKIY MOTPEOUTEISIMU U TPACCOi

BapuaHTsl BBo/Ia KaOeIbHOU Tpacchl BapuanTs! (a1bTepHATHBBI) YCTPOHCTBA TPACCHI AIEKTpoKadenei
B 3[JaHH€ TIOTPEOUTENS 1 2 3 4 5 6 7 8 9
1 X X
2 X X X X X
3 X X X X X X X X
4 X X X X X

TABJIUIIA 2. KonnyecTBeHHas! OIICHKA BIUSHIS BHYTPEHHUX ITapaMeTPOB YCTPOHCTBa | M Tpacchl

ITapameTpbl
[TapameTpsl [UIaHa CTpouTeNIbHBIC TApaMeTPhl
K, K K; Ky Ks Ks K; Ky Ky
Bapuantet M 1IKaja HIKaaa M h M/m 3aTpaThl M/m mIkana

(anpTepHATHBBI) Tpyna
1. Beiemka 4,32 6 2 4,75 2 600 20 200 5
2. KaGenbHblil KaHal ¢
BO3MOXHOCTBIO
npoxoza 0 4 9 13,60 6 4000 35 80 3
00CITy)KUBaoL1e-Tro
nepcoHaia
3. KabGenbHblii JTOTOK 0 2 6 5,95 3 2000 25 400 7
4. HanzemHas ykiaaka 4,15 5 2 2,12 2,5 350 20 100 5
3. Oripuiras 7,25 7 2 D18 6,5 | 300 5 100 1
[IOPOroBast YKJIAKa
6. KabenpHbIil MOCT 2,10 1 1 23,10 5 1200 18 50 2
7. betormposanmiii 0 6 3 5,17 4 1200 35 300 6
JIOTOK
8. KoMOMHUpOBaHHBII
MOCT u3 Kabeleil u 4,24 2 1 16,75 5 1200 18 50 2
Tpy0
9. Crabias 2,10 9 5 4,62 2 1100 | 13 40 2
KOHCTPYKIHs (3a00p)
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4. Pemmenue

HeobxoauMo pemuth 3aaady, OTIMYAOLIYIOCS HEOOXOIMMOCTBIO KOMIUIEKCHOTO IOIX0/a. OTO
MHOTOKpUTEpHaIbHasl 3a7adya, TaK KaK IpU BHIOOpE pAlMOHAIBLHOTO BapHaHTa CTaBUTCS HECKOJIBKO
nenei. [l pemeHusi MHOTOIENIEBBIX 3a/1ad MHOXKECTBO PALMOHANBHBIX PEIIEHHH ClIeAyeT BBIICIUTh U3
MHOXECTBA HEPAlMOHAIBHBIX peIIeHHH. OTO pasrpaHUYeHHE IpEeAnojaraeT HaJIW4Yue TOYHOU
nH(opManuK, YTO JWIIb B OTIEIBbHBIX CIIydyasx sBISeTCS peanbHbIM. Jns n3o0pakeHHs 3Ha4YeHUH,
BEJIMYMHA KOTOPBIX NpaBHIbHA JIMIIb YACTHYHO, NMPUMEHHMMa TEOPUS HEYETKHX BEIMYHMH (HEUETKHX
MHOXecTB) (3akoH Fuzzy) [1, 2]. C ee moMompl0 MOXHO Ha 0a3e OJHOW CBS3aHHOW (DYHKIMH
MPUHAIJICKHOCTH HalTH HedeTkoe penieHue [3]. OyHKIusS MpUHAIICKHOCTH W(X) OMpEeelseT, B KaKou
CTENCHN KAXKIBIA O3JIEMEHT YHOBJIETBOPSET HEOOXOAuMbIM TpeOoBaHMAM. CBSI3b TEOPHHM HEUYETKUX
MHOXecTB [4] u Teopuu urp [5, 6] memaer BO3MOKHBIM MOZETHPOBAHWE KaK HEUETKYIO HWrpy (Wrpa
Fuzzy).

TABJIMIIA 3. OueHka BHEHIHUX BO3/ICHCTBHI

BapuanTsl [TapameTpbl
(anmpTEepHATHBHI) OKpY’Karollen cpeasl IIPOM3BOJICTBEHHBIE

1 2 3 4 5 6
1 3 1 1 7 8 1
2 5 4 2 2 3 10
3 4 3 2 2 6 8
4 3 1 1 8 7 1
5 2 5 5 5 1 3
6 8 7 8 1 2 5
7 3 1 1 4 10 5
8 8 10 10 2 2 6
9 6 7 7 1 1 5

CymecTByeT pasnuyue MeXIy BHYTPEHHHMH IIOKa3aTeNsIMM, XapaKTEPHU3YIONIMMH BapHAHTHI
yCTpOMCTBa Tpacchl HIEKTPOKaOeneil, M BHEITHUMH IOKA3aTENSIMU, MOSBISIONIMMUCS IO BINSHHEM
TMIOJIE3HOCTH CTPOUTEIHHON IPOAYKIIHH.

IIpoananu3upyeM MaTpUuHYO UIpy, T. €. UIPY ABYX JIML C HyJIeBOM cymMMoi. Heonpenenennas urpa
IBYX JHI 'L omuchIBaeTCs CIEAyIOIIM 00pa3oM:

Lo ={(x, (%)), (v, u(), (a, 1 *(a))}, (1)

IJie X — MHOXXECTHO CTpaTeruii urpoka 1, p (x) — QyHKIMS NPUHAIIIEKHOCTH CTpaTeruii urpoka 1, y —
MHOXKECTBO CTpaTeruii urpoka 2, | (v) — GyHKIMs NPHUHAIICKHOCTH CTpATeruil Urpoka 2, a - QyHKIus
BBIUTPBIILIA Uil Marpuibl urpsl Fuzzy, p*(a) — QyHKUMS NPUHAIIEKHOCTH BBIMIPBIIIHONW (DYHKLIUH
MAaTpHLBI UTPBL

Crenyromas ¢gopmyna onuckiBaeT UCXOAHBIE BeMYHHBI Urphl I o MmeTony Fuzzy:

I =(X.Y,a). @)

Ilepexon oT ucxonHOM Bepcuu K Bepcuu Fuzzy npoucxoauT no TpeM CTYIEHSIM.

Ha mepBoii cTyrneHu onpenensoTcsi BHyTpEHHHE TToKa3aTenu. B MCX0HOM MHOXKECTBE aJIbTepHATHB
JIOJDKHO OBITH OoTpeliesieHo MHOXecTBO Fuzzy. [1o kiaccuueckoil Teopruu Urp NPUHAAIEKHOCTD 3JIEMEHTa
HEOOXOJMMO OIPEIS/IUTh OJHO3HAYHO: ,aa win ,HeT™. [lo merony Fuzzy HeobXxommmo ucciemnoBaTh
MIPUHAISKHOCTD AAJICKO 32 MpeesiaMH 3THX ABYX BO3MOXKHOCTEH. C MOMOIIBIO CHICIHATBHON (DYHKIIH
MIPUHAJIC)KHOCTH  OTHCIBHBIC YHCIIOBBIC XApAaKTCPUCTHKH B 3HAYCHHM TNPUHAUICKHOCTH OyIyT
peNATUBU3UPOBaHBL. [Ipy 3TOM IIKaja OICHOK albTEpPHATHB (MHOXECTBO CTpaTeruii urpoka 1) Oymer
noctpoeHa B popme MHOXecTB Fuzzy. 3HaueHHMe NPUHAIIC)KHOCTH L JUIA OTACIHHBIX albTCPHATUB
OyZeT orpeesIeHO IPY TTOMOIITH CIEYFOMIeH MaTPUIIL:
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K] K2 K1 KL l,,[i

X1 Wi M2 e Hap - BIL 1 &
— 2 M= H
I ; 1 1

X2 M1 M2z «or Mot - Hor 1<
— D My = (3)
L3

Xi i1 Hiz «oo Ml oo WL 1<
— 2 My = H
L ,Z; !

Xm uml um2 uml umL 1 L
— /’lm = /’lm
L IZ‘ :

Ha BTOpoil cTyneHu omnpenesnstoTcss BHEIIHUE MOKa3aTelld Ha OCHOBAHWM MHOXECTBA CTPAaTEruil
MHOXecTB Fuzzy wurpoka 2. BrpluuciieHne JaHHBIX MPHUHAUIEKHOCTEH BO3MOXHO C IOMOILBIO
CHCIHANBHON (QYHKIMKA TpUHALICKHOCTH. Benmmumnabl Fuzzy wu3oOpaxarorcs B (QopMe MaTpHIlL.
OCHOBHO# MaTpHIIeH KeTaeMOU UTPHI SABISCTCS CIEIyFOmas:

Vi V2 oo Vi eee Vn
X1 W11 M2 - Hij oo Min
X2 21 M22 ... Hj... Mon “4)
Xi Wit Mi2 .- Wij --- Hin
Xm Hm1 Mm2 «oo Bmj --e Mmn

Ha Tperseii cTrymenu ompenenseTcs sapo anroputMa. Heo0XoauMo oObeAMHUTH B OJHON MaTpHIe
Fuzzy pesyneratsl 1 u 2 cryneHeil, HeonpeaeIeHHOE MHOXKECTBO allbTePHATUB (CTpaTeruil urpoka 1) u
OCHOBHYIO MaTpHIly. DTO OCYHIECTBISIETCS C TIOMOILbI0 Min-oneparopa, npuuem

* o
Ly =Min(u,, ;) (5)
sBJsiercst QYHKIMe! NPUHAIJICKHOCTH JUIsl HEONPEIEICHHBIX MHOYKECTB BHIMTPBILICH:
i V2 e Vi oo Y
* * * *
X1 (U B2 Hgjeee Win
* * * 5
X2 H 21 Hoo oo H2jeee W (6)
* * * *
Xi M it Ri2 oo Wijooe Hin
* * * *
Xm K mi Hm2 oo Wmj oee Moyn

Pemienne urpel MOXHO MOJIyYHTH 110 NPHHIMIYY Min-mMax kiaccuueckod Teopuu urp. ITocne Toro,
Kak OyJeT cocraBiieH NpeiBapUTEbHBIA IUIaH, CIIEAYeT CZAeaTh HECKOJIbKO yKa3aHHH 10 (DyHKUUH
npuHaie)kHoCTU. st QyHKUMI NpUHAIIEKHOCTH CYIECTBYIOT pa3nuuHble Gopmynuposku. Hapsny c
JVHEHHBIMU (QYHKIMAMH TPHHAUIEKHOCTH OyIyT paccMaTrpuBaThes Taroke CGyHKOMH (GopMbl S.
K. JI. IlIBa6 (Schwab) BHec mpemioxeHHe N0 ONpeneNeHnto (YHKIUHM MPHUHAUICKHOCTH B paMKax
MHOTOKPUTEPHAIHHOTO pemreHus [3]. st 3Toro MCIob3yeTcss HHTEePIIONUpPYIoas Kyondeckas QyHKIHS
Spline. Yepes Toukn 0o, Op U Oy IPOKIIABIBAIOTCS /IBA MMOJMHOMA TpeThel crymeHu. [locne Toro, Kak
33/1aF0TCS 3HAYEHHUS CLo, Olp, Oy, QYHKIIMS IPUHAUIEKHOCTH L (@) OnpeenseTcs Tak:

57



Computational Methods and Modelling

3 5 ons a<a,,
Aa’ +Ba” +Ca+D
ona a,<a<a,,

(a)=4Ea’ + Fa* +Ga+ H 7
#,@) ! ona a,<a<a,, @

ona a, <a.

JanHast GyHKIMS TPUHAIICKHOCTH JICUCTBUTENbHA I 0o < Oy JJist citydasi oo > Oy HHTEPBAIBI
JOJDKHBI OBITH COOTBETCTBEHHO u3MeHeHbl. Koadduimentsr (A...H) BBIYHCIAIOTCS W3 CHCTEMBI
ypaBHEHHId, KOTOpas o0pa3yeTcs Ha OCHOBAaHMH CIIEAYIOIIMX TpeOOBaHMiA: HEMPEephIBHOCTH,
HenpepbIBHON audHepeHIupyeMOCTH, MOHOTOHHOCTH U MHUHHUMAJIbHOW KPUBH3HBI U TOA0Opa OMOPHBIX
ToYeK (0o, Olp, Ov) AJ1st hyHKIMiA Spline.

(Gl) Aa, +Ba; +Ca,+D =0.

(G2) Aa; +Ba} +Ca,+D=0.

(G3) Ea, +Fa, +Ga,+H =0.

(G4) Ea,, +Fa;, +Ga, +H=0. (8)
(G5) 34a; +2Ba, +C =0.

(G6) 3Ea;, +2Fa, +G=0.

(G7) 3Ea, +2Ba, +C-3Ea, +2Fa, +G=0.

(G8) 6Aa, +2B—-6Ea, —2F =0.

Jluneiinas cucrema ypaBHeHHS {(G)) ... (Gg)} He ABISAETCS CHHTYIIPHOH, MOSTOMY BCETJa MMEET
oniHO petienue {4,...,H}.

Yro6e! rapaHTHpOBaTh, uTO L; (@) < [0,1] ABIgETCI MOHOTOHHOH B O, JOJKHO OBITH OOECIIEYEeHO
Clle/lyrolee HEPaBeHCTBO:

—1+ﬁsws1+\/§. )
|" D~ “0|

IMoaroroBka ucxoHO#M HHGOPMAIMK ISl PELICHHS 33Ja4K I0JDKHA BBIMOHITHCS TPEMs CTYHCHSIMHE
COTJIACHO BBIIICTIPUBECHHOMY ajdropuTMmy. Ha mepBoM 3Tare mikaibl BHYTPEHHUX (aKTOPOB BIUSHHA
BBIPA)XalOTCS B BuAE MHOXecTBa Fazzy. OyHKIUN NMPUHAIIEKHOCTH paccuuThBaroTcsa 1o (7). IlepBbrid
JTan 3aKaHYUBaeTCs OIeHKON marpuibl (3) (Tadn. 4). Ha crnemyromem 3tame cOCTaBISIETCS MaTpHIla
BHEIIIHUX MOKa3aTenei (tadi. 5). Pacuer Boimonnsercs no (7). Ha TpetbeM 3Tare cocTaBseTCsl MaTpHIa
Fazzy-urpsl o (5). Pemienue BoInosHsAETCS IO MPUHIMITY Min-max KJIacCHYecKoi Teopuu urp (tadi. 6).

B pesynbrare perieHus IO KpUTEPHIO min-max HauOojiee palMOHAIBHBIM SIBIAETCS BapHaHT 5 —
OTKpBITasi moporosas ykinaaka. OH TpeOyeT HE3HAuMTENbHBIX 3aTpPaT Ha BBIIOIHEHHWE CTPOUTEIBHBIX
paboT, OAHAKO OTIAMYAETCS JOCTATOYHOW TEXHWYECKOW HaleKHOCThIO. CleayeT OTMETHTh, 4YTO 3TO
peleHne He SBIeTCS PEeKOMEHAYEMBIM Uil Bcex ciydaeB. [Ipu ykmanke kabeneil B Apyrux yciaoBHSX
HEOOX0AMMO ITOBTOPHOE PELICHNUE 331a4H.

TABJIMLA 4. OnpepeneHue 3HaUSHUH L

ITapameTpsl
BuyTpennune napameTpsl cucTeMbl Kpurepuii
Jlanmaca
Bapuantet ITapameTpsl I1aHa CrpoutenbHble apaMeTpbl
K1 Kz K3 K4 K5 K(, K7 Kg Kg
1 0,07 0,499 0,970 0,99 0,645 0,853 0,541 0,122 0,642 0,576
2 1,00 0,777 0,028 0,74 0,00 0,01 0,00 0,911 0,890 0,498
3 1,00 0,970 0,444 0,970 0,50 0,00 0,110 0,00 0,141 0,506
4 0,107 0,642 0,970 1,00 0,899 0,993 0,341 0,814 0,642 0,708
5 0,00 0,159 0,970 1,00 1,00 1,00 1,00 0,814 1,00 0,747
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6 0,878 1,00 1,00 0,627 0,00 0,502 0,451 0,993 0,970 0,729

7 1,00 0,499 0,090 1,00 0,641 0,502 0,00 0,00 0,499 0,588

8 0,087 0,970 1,00 0,00 0,00 0,502 0,451 0,993 0,970 0,550

9 0,878 0,028 0,642 0,98 0,645 0,670 0,776 1,00 0,970 0,722
TABJIMIIA 5. OcHoBHas MaTpuua

TTapameTpsl Si;
Bapuanrts! S BHeuHue napamMeTpsl CUCTEMbI ITpou3sBoICTBEHHBIE HApaMETPhl
yl yZ Y3 Y4 Y5 y6

X 0,690 1,000 1,000 0,151 0,107 1,000

X5 0,642 0,777 0,970 0,970 0,890 0,000

X; 0,777 0,890 0,970 0,370 0,499 0,107

Xs 0,390 1,000 1,000 0,107 0,151 1,000

X 0,970 0,642 0,642 0,642 1,000 0,890

Xo 0,107 0,151 0,107 1,000 0,970 0,642

Xz 0,890 1,000 1,000 0,777 0,000 1,000

X3 0,107 0,000 0,000 0,970 0,970 0,499

Xo 0,499 0,151 0,151 1,000 1,000 0,042
TABJIMLA 6. Matpuiia HEYETKON UIpbl

S .
Vi A Vi A Vs Vs Min-

s, max
(x1;0,576) (a11;0,576) (a12;0,576) (a13;0,576) (a14;0,151) (a15;0,107) (a16;0,576) 0,107
(22;0,498) (a21;0,498) (a22;0,498) (a23;0,498) (a24;0,498) (a25;0,498) (a26;0,000) 0,000
(2¢3;0,506) (a31;0,506) (a3;0,506) (a33;0,506) (a340,506) (a35;0,499) (a36;0,107) 0,107
(24;0,708) (a41;0,708) (a42;0,708) (a43;0,708) (a44;0,107) (a45;0,151) (a46;0,708) 0,107
(x5,0,747) (as1;0,747) (as2;0,642) (as3;0,642) (a54;0,642) (as5;0,747) (as6;0,747) 0,642
(6;0,729) (a61;0,107) (a62;0,151) (a63;0,107) (a64;0,729) (a65;0,729) (a66;0,642) 0,107
(x7;0,588) (a71;0,588) (a72;0,588) (a3;0,508) (a74;0,588) (a75;0,000) (a76;0,588) 0,000
(x3;0,549) (as1;0,107) (as;0,000) (as3;0,000) (as40,549) (as5;0,549) (as6;0,499) 0,000
(2030,723) (a91;0,499) (a92;0,151) (a93;0,151) (a04;0,723) (a95;0,723) (a96;0,642) 0,151

5. BoiBoJBI

C MNOMOIIBIO MNPEMIIOKECHHOIO aJIropurMa CTajlO0 BO3MOXKHBIM II0-HOBOMY OCYHICCTBJIATH BI)I60p

panMOHAIBHOTO BapHaHTa YCTPOMCTBA TPAcChl AJIEKTPOKaOeneil B yCIOBHSAX HEYETKOH HWH(pOpMAIHH.
[Ipennaraemslii cnoco® MpeAoOCTaBiIseT TPUHUMAIOLNIEMY DPEIICHHE HOBBIE BO3MOKHOCTH B IOJIyYCHHUH
JAHHBIX O COOTHOUICHUSIX MEXIY CTPOUTENBHBIMH, 3KCIUTyaTallMOHHBIMH W TIPOU3BOJCTBEHHBIMHU

napaMeTpamu.
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HOBBIE TEXHOJIOI'MHN
B YIIPABJIEHUU HE/IBUZKUMOCTbBIO

9. 3JABAICKAC, A. KAKJIAYCKAC, M. THKHUC

Bunvniocckuil mexuuueckuti ynueepcumem um. I eoumunaca
an. Caynemsaxuo, 11, Bunvnioc, LT-2040 Jlumsa
Ten: (+3705) 27450 02; ghaxc: (+3705) 2 74 50 16.
E-mail: Edmundas.Zavadskas@adm.vitu.lt

PaccMoTpeHsI CylIecTBYOIINE B HACTOSIIEE BPEMs AJIEKTPOHHBIE CUCTEMbI TOPIOBJIM HEJBHKHUMOCTBIO. Y CTaHOBIIEHO,
YTO HPH OLEHKE aIbTePHATUBHBIX BAPHAHTOB NMPUMEHSIOTCS HKOHOMHYECKHE KPUTEPHH M METOABl OLECHKH. ABTOPaMH CTaTbU
pa3paboTaHa MHTEpHETHAs CHCTEMa OLCHKH BHIOOpa HAMIYYIIEr0 BapHaHTa HEABIDKMMOCTH C HCIIONB30BaHHEM METOJOB
MHOTOKPUTEPHAIBHON  OLEHKH. Pa3pa0oraHHas cHcTeMa II03BOJISIET BBINOJHATH OLEHKY C y4eTOM TEXHHYECKHX,
9KCILTyaTallHOHHBIX, IPABOBBIX, CONMATBHBIX U APYrHX ¢akTopoB. Pa3paboTaHHas cHCTeMa HCIONB3YeTCSl NPH HHTEPHETHOMH
TIOATOTOBKE MAaruCTPOB B 00IAaCTH yIPABICHUS HEABIKIMOCTBIO U B IIPAKTHKE OLICHKU HEJBIKHMOCTH.
KimoueBble ¢10Ba: HeOSUICUMOCID, MOP206IA, YNPAGLeHue, MHO20KPUMEPUATbHAs OYeHKA, UHIMEPHENHble CUCIEeMb,
10020M06KA MAUCPOB.

1. CymecTByIolie CHCTEMbI 3J1eKTPOHHOI0 OM3Heca B 00.1aCTH HeIBHKMMOI0 HMYIIeCTBA

B Hacrosiliiee BpeMss B MHpPE CO3[4aHO MHOIO CHCTEM O3JIEKTPOHHOro Ou3Heca B 00iacTH
HEIBMKUMOTO MMYIIEeCTBA! www.ired.com, www.cyber-homes.com, WWW.comspace.com,
www.assist2sell.com, www.eloan.com, www.iown.com, www.homescout.com, realestate.yahoo.com,
www.mapquest.com, www.datatrac.net, www.reltor.com, www.replace.com, www.bankrate.com,
www.eloan.com, www.quickenmortgage.com, www.rent.net, www.arcsystems.com, ASHI, Countrywide
CyberHomes, Digital City, DoltY ourself.com, GetSmart, Home Advisor, Homebuyer’s Fair.

DJIeKTPOHHBIE CHCTEMBI OM3HEca B O0JACTH HEIBIXKUMOro mmyiiectBa [1-3] mpenocTaBisioT
WH(POPMALIUIO U OTYACTH YCIYTH B CICIYIOIIUX 00JacTsAX: Mpoiaxa, MOKYIKa, apeH/a HEIBHKAMOTO
UMYIIECTBA, PAa3IMYHOTO pOJa TOUCKH (IIOMCKH HEIABIDKUMOTO HWMYIIECTBA I  apeHABl 0
MPEOCTABIICHHBIM TAHHBIM, IIOMCKH COCEa M0 KBapTHPE), Pa3IMUHbIC COBETHI U HH(OpMAIHst 00 apeHe
HEJIBIIKUMOTO MMYIIECTBA, €ro IJIAHUPOBAHKH, HCUEPIIBIBAIOIIAs HH(OpMALIUS O 3aKIaHbIX, cCyaax [4-
7], ycayrax mo cTpaxOBaHUIO HENBIKMMOTO MMyInecTBa [3, 8, 9], aBToMoOmMIeH, Ipyroro MMyIIecTBa,
MOCENICHHE HA HOBOM MECTE, COBETBI OIBITHBIX apeHATOPOB HAYMHAIOIIMM, BHIOOP MECTa MPOIKHUBAHUS
WM OTIBIXA JUISA MOYKHIIBIX JIFOJCH (CAHATOPHH, O3I0POBHUTEIBHBIC LEHTPHI, JAOMa Ul MPECTapeibix),
npuoOpeTeHre WM TPOKaT MeOenu, OBITOBOM TEXHHKH, 3BYKOBOM U BHACOAIIAPATYPbI, APYIUX
MPUHAIISKHOCTEH, HEOOXOAUMBIX AJISl JIOMa, YCIIyTH JIM3UHTa, HHPOPMAIKs O HOBOM MECTE )KUTEIbCTBA,
YCIYTH MO YIPAaBICHUIO XO3AHCTBOM 3[aHUM, Pa3IMYHOTO poja OOBSIBICHUS, Ipyras IMO3HABaTEIbHAS
uHpopmanus u T. a. [{erapro OOJIBIIMHCTBA CHCTEM DJICKTPOHHON KOMMEPIIHH SBJISETCS [TOMCK HanboJiee
SKOHOMUYHBIX PEIICHHUH, T. €. MPECISAYIOTCS MPEUMYIIECTBEHHO 3KoHOMHYeckue nenu [1]. [Tostomy
OOJIBPIIMHCTBO CHCTEM JJICKTPOHHOW KOMMEpIHH 00padaThiBaeT W TNPEAOCTABISCT U TPUHSATHS
peUICHUH JTUIITH 3KOHOMUYECKYI0 HH()OPMAIIHIO U IPUMEHSIET IKOHOMAYESCKHE MOJICITH.

2. MHOFOKpHTepHaJ’IbHaH CcucTreMa 3JICKTPOHHOI'0 OHM3Heca B 00J1aCTH HEIBMKUMOI'0 HMYIIIECTBA

B Hacrosimee BpeMs B Mupe pa3pabOoTaHO HEMAJIO METOAO0B NPUHATHUS PEIICHNUH, TPUMEHIEMBIX
B Pa3NUYHBIX OONACTAX 4YEIOBEUECKOH MEesTENbHOCTH. MHOTOKpUTEpUANbHBIE METOIbl HPUHATHS
pelIeHu OIPOOHO PaCCMOTPEHBI B MHOTOYHCICHHBIX padortax [10 - 14], a Takke B paboTax aBTOPOB
ctareu [15, 16, 21]. Bonbmioil BkiIax B cO3JaHME M Pa3BUTHE MHTEPHETHBIX CHUCTEM BHECIU aBTOPHI
pa6ort [17 - 20].

PaccmarpuBaemble BapHaHTBl HEIBM)KUMOTO HMYILECTBA YacTO NPHUXOAWUTCS OLEHUBATh HE
TOJIBKO C 9KOHOMHYECKOH MO3UIMH, HO U C TEXHUUYECKOM, IPaBOBOH, COLMAILHOW U IPYTHX.

IIpu coznannm aBropamu “MHOTOKpUTEPHATILHOM CHCTEMBI AJIEKTPOHHOTO OHM3HEcCa B 00JacTH
HEJIBIDKUMOTO HMMyIlecTBa” ObUIa TpENNpHHATA IONBITKA H30eXaTh HEAOCTATKH pPa3HBIX CHCTEM
JJIEKTPOHHOTO On3Heca B 0O0NAacTH HEIBIDKMMOTO HMYIIECTBA. B HacTosmield cTaThe BKpartie
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OINMUCHIBACTCS TIpe/iaraeMas apropamu “MHOTOKpUTEpUalibHAs CHUCTEMa DJICKTPOHHOro Ou3Heca B
obiacti HenBIKUMOTo umyInecTBa” (cucrema INTSP).
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Cruandifative i ofpremires
7. Total area + m ] S o0z 450 00 i)
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21 Assesamert of alam systemns + Foats 500 [Xjan] 100 [XRau] 1 1
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WNudopmarms MokeT OBITH TpeAcTaBieHa B HU(POBOH, TEKCTOBOW, (oTorpadhuveckoi,
rpaduueckoil (cxemsl, rpadMKH, AUArpaMMbl, YepTeXHU), 3ByKOBOil (opme, B Buae (HOpMys, CHUMKOB,
n3o00pakeHnid u Ap. PykoBonacTByschk 3T0i mH(pOopMarmei, cucrema INTSP MoXeT olleHUTh HEIBIKAMOE
HUMYIIECTBO C Pa3lIMYHBIX TOYEK 3pEHUs (MMEIOTCS B BHAY TaKHe acIeKThl, KaK OIlpee/eHe PhIHOYHOM
CTOUMOCTH, I/IHBCCTHLII/IOHHOﬁ CTOUMOCTH, pblHO'-lHOﬂ CTOUMOCTH HCIIOJIB30BaHUA, OCTaTOYHOM
CTOMMOCTHU U APYTHUX CTOI/IMOCT@ﬁ). Ona MOXeT OLICHUTH OTACJIbHBIC KPUTCPUHN, OKA3bIBAIOINE BIIUSIHUC
Ha CTOMMOCTh (HampHMep, MECTOpPACIIONOXEHUE, W3HOC, CIPOC M NPEATIOKEHHS HEIBIPKUMOTO
MMYILECTBA), OINpPEACINTh HaM Jydmnid W S(QEeKTHBHBI BapHaHT WCIIOJIB30BaHUS (Hampumep,
MOKyINaTeab BBIOMPAET JKWIMINE, C LEeIbl0 MAaKCUMaJbHOIO Y/AOBJIETBOPEHUS NOTPEOHOCTH B
HEOOXOAUMOCTH B KOM(OPTE MPOKUBAHUS U JITYHBIE TOTPEOHOCTH).

Tak kKaK HEIBM)KMMOE UMYILECTBO PAallMOHAIBGHO OIEHMBATH C PA3IMYHBIX TOYEK 3PEHHS, CPEan
MOJIeTIe CHCTEMbI MMEIOTCS [TOMOTAOIIHNE MPUHUMAIONIEMY PEIICHNE BBIIOJIHNUTD KOMIIEKCHBIN aHAIN3
BO3MOXXHBIX aJbTEPHATUB W MPUHATH pelieHue. Hampumep, MOXHO AETalbHO MPOAHATU3HPOBATH
MOJOXKUTETIbHBIE M OTPUIATENIbHBIE KadeCTBA pPACCMATPUBAECMBIX aAIbTEPHATHB, OCHOBBIBASCH Ha
MOJCYNTAHHBIX 3HAYEHUAX M 3HAUYUMOCTSAX KPHUTEPUEB, 3HAUEHHSAX PBHIHOYHONW CTOMMOCTH, YPOBHSA
TMOJIC3BHOCTU U NTPUOPUTETHOCTU HEABUIKUMOI'O UMYIIIECTBA.
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From Until
Selling price | | " {Thousand L)
Total area of premises | | * (100 m2)
Total area of plot | | * (100 m2)

Search |

Puc. 2. IloTpebuTens MOXKET OCYIIECTBIATH IIOUCK aIbTEPHATHB B VIHTepHEeTe Ha CTPAHHUIAX PA3IHYHBIX OpPOKEpOB

Paspaborannas aBropamu cucrema INTSP BBIIONHSET cliexyromue QyHKIIH:

1. Tlomck Hempmxmmoro wumymiectBa (puc. 2). IloTpeOuTEns MOXKET OCYIIECTBIATH ITOMCK
anpTepHaTHB B VIHTEpHETE HA CTPaHUIAX PA3IMYHBIX OPOKEPOB. DTO BOSMOXKHO, TaK KakK (POPMBI
MPEJOCTABIICHHUsI JAHHBIX HA ONPEAEIICHHOM YpPOBHE SIBILTIOTCS CTaHIAPTU3UPOBAHHBIMI.
CranmapTu3anusi CO34aeT YCIOBHA MJIS HWCHONB30BAHUS CIEIHMAIbHBIX INPOrPaMM-areHTOB,
KOTOpPBIE MPOU3BOMAT MOWCK HYXKHBIX ANbTEPHATHB HEABIDKMMOIO MIMYILIECTBA HAa PAa3IUYHBIX
CTpaHHUI[aX OPOKEPOB B MHTEPHETE, COOMPaOT 0 HUX MH(popmanuio. [ToMCK MOXXHO OrpaHUYUTh
OJITHUM MJIM HECKOJIBKUMH PETHOHAMH.
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2. OOHapyxeHHE aJbTePHATHB H (OPMHUPOBAHHE CPABHUTEIBHON TAONUIBL. Pe3ynbTaThl HOMCKOB
QJIbTEPHATHB HEIBIKMMOTO MMYILECTBA IPUBOAATCSA B OJHOU TaOIHLE, B KOTOPOH MOXET OBITH
CCBHIIKAa Ha CTpaHHIly OpoKepa B HHTEpHETE.

3.  MHOroKkpuTepuaabHblii aHAIN3 ajJbTEPHATUB U ONpejelieHne HanOosee d(PPEKTUBHBIX U3 HUX
(Tabn. 2). MHOroKpHuTepHaIbHBIA aHAIN3 aJlbTEPHATUB U OIpezieeHue Hanboee 3 PEeKTUBHBIX
U3 HUX T[POBOJMTCS HAa OCHOBAaHWMHM CHCTEMbl KpUTEepHeB (IICHA, YCIIOBHSI OILUIATHI,
IpeoCTaBIsieMble CKHIKH, apXWTEKTypHas OIEHKa, TEXHMYECKHWE I10Ka3aTeNd: BeIWYMHA,
M30JIMPYIOIIME CBOWCTBA, BPEAHOCTD JUIS 3J0POBHS, U3HOC T. JI.) C UCIIOJIb30BAaHHEM 3HAYCHUH 1
3HaunMocTeld KpurepueB. Ha ocHoBe wuH(pOpManuu, coOpaHHOW B XoJe TOUCKA W
NPEICTaBICHHOH B CpaBHUTENBHOH TaOnuie, ITONCYMTHIBACTCS CTENEHb IOJE3HOCTH |
NPHOPUTETHOCTh KAXIOH aJbTepHATUBBl (CTENEHb IOJIC3HOCTH KaXOOH aJbTepHATHBEI
HAXOMUTCSl B TPSMOH M IIPOIOPLMOHAIBHONH 3aBUCUMOCTH OT 3HAUCHUH CpPaBHUBAEMBIX
KPUTEPUEB M  OTHOCHUTENBHOI'O BIMSHUS 3HAYMMOCTH Ha KOMIUIEKCHYIO 3((heKTHBHOCTD
BapUaHTA).

4. Axamu3 MHeHuH mokynateneil. IlokynaTean MMEIOT BO3MOXKHOCTh O3HAKOMHTHECS C MHEHHSAMH
KOJUIET O Ipe/iaraeéMoM He/IBUKUMOM HMYIIIECTBE.

TABJIULIA 2. MHOrOKpHUTepHAIbHBIH aHATN3 aTbTEPHATHB U ONpe/esieHre Hanbomee 3G (HeKTHBHBIX U3 HUX
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3. I/IHTepHETHOC oﬁyqelme MaruCcTpaHToB B o0JacTH yYupaBJicHusl HEABUKUMOCTBIO

C ocennero cemectpa 1999 roma Ha kadeape CTPOUTEIBHOW TEXHOJOTHM M MEHEIKMEHTA
cTpouTebHOro (hakysabreTa BHIBHIOCCKOrO TEeXHHUYEcKoro yHuBepcurera uMm. [emumunaca (BI'TY)
ObUTa BBeECHA [BYXJIETHSAS Yyd4eOHas MporpaMMa HHTEPHETHOTO (OUCTAHIIMOHHOTO) OOydYeHHS
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MarucCTpaHTOB CIELUAIBHOCTH YIPABICHHE HEIBMKMMBIM HMMYIIECTBOM.  JIs AMCTaHIIMOHHOTO
0o0y4eHUs] TPUMEHSIOTCSI pa3JIMuHble II0COOWS: IeYaTHble KHUTW W KOHCIIEKTH JIEKUUH, KHUTH |
KOHCHEKTHI JIGKUUH B dyeKTpoHHO# (opme (crpanuusl BI'TY B MHTepHeTe, KOMIAKTHbBIE AMCKH,
JVICKETBI), BUJIEO- U ayIHOKACCEThI, KOMIIBIOTEPHBIE CHCTEMBI 00y4€HHMs, TPAJULIUOHHbIE IPOTPaMMBI U T.
n. KoHcympramum TpOBOISTCSA IOCPEACTBOM  OJIEKTPOHHOM IOYTHI, MHCEM, MO TelehoHy W
HEMoCPeJCTBEHHO Ha Kadenpax yHuBepcuTera. [103TOMy HaiMuMe MEpCOHAIBHOIO KOMIIbIOTEpa HE
ABIISIETCSI 00S13aTENbHBIM yCIOBHEM TSl yueObl. He nMeromue KoMIIbIoTepa CTyI€HTBl MOTYT YCHELIHO
YUUTBCS IO TPAJWIMOHHBIM ydeOHHKaM, KOHCIICKTaM JIEKIHH, a ¢ KOMIIBIOTEPHBIMH CHCTEMaMH
00y4eHusl, TPaJUIMOHHBIMH IPOTPaMMaMH HMEIOT BO3MOKHOCTH II03HAKOMHTHCS B BuibHIOCCKOM
TEXHUYECKOM YHHBepcHTeTe UM. | ennMuHaca. DK3aMeHBI U 3a4eThl caarorcs B BITY.
JucTaHoHHOE 00YYeHHE MMEET CIIeAYONINe IPEUMYIIEeCTBA:
®  YYUTBCS MOTYT BCE JKEJAlOUIWe, JKUTENM, OONBIINX M MAJICHBKHX roponoB JIMTBBI Oe3
OTpbIBa OT JIOMa U MecTa paboThI;
e  yIydmiaeTcs KadecTBO OOydYeHMs, TaKk Kak ydeOHbIe Marepuagbl TOTOBST JIydIIne
npodeccopa 1 JOIEHTH YHUBEPCUTETA;
e xapakrep oOy4yeHHs] OJIM30K K OOYyUEHHIO HA JTHEBHOM OTJEJICHWH, TaK KakK MOCPEICTBOM
3JIEKTPOHHOM IOYTHI, MHCEM, Tele(OHHONH CBA3M NMPOBOIATCS KOHCYJIbTauH. CTyIeHTHI
MOTYT OIIEPATHBHO CBA3ATHCS C MPEIOAABATENEM H MEXIy COOOM.
®  DKOHOMHTCS BpeMs. YUHTBHCSI MOXKHO B CBOOOJHOE BpeMsi Ha paboTe u mocie padoTsl. He
TPATUTCS BpEMs Ha IOE3AKY B YHUBEPCUTET HA 3aHATHS U yYaCTUE B HUX.

B xome oOy4eHWss MarucTpaHThl HOAPOOHO 3HAKOMATCS C OLICHKOH HEABMXMMOTO M JBIKHMOTO
AMyIIEeCTBa M OW3HECa, YNpaBIECHHEM HEABIKUMBIM HMYIIECTBOM, 3KOHOMHKOH, MapKETHHIOM,
CTpaxoBaHWEM HEJBMKMMOTO UMYIIECTBA U T. [I.

C ocennero cemectpa 2003 roma Ha Kadempe CTPOMTENBFHONH TEXHOJIOTMH ¥ MEHEIKMEHTa
crpoutenbHoro Qakynerera BI'TY mnanupyercs BBeCTHM [BYXJIETHIOIO Y4eOHYI0O NpOrpamMMy
MHTEPHETHOTO (IMCTAaHIIMOHHOTO) 00yYEeHUs] MarCTPAHTOB CHENNATBHOCTH ‘Y IPaBJIEHHE HEJIBHKUMBIM
MMYIIECTBOM " Ha aHIVIMACKOM SI3BIKE.

BrIBOABI

1. B HacTosmiee BpeMs 4acTh YYACTHUKOB TOPTOBIIM HEIABIKUMOCTBHIO CBOM YCIIYTH TPEIIararoT C
HCTIOJIB30BaHUEM HOBEHIIMX HH()OPMAIIMOHHBIX TEXHOJOTHIA, B YaCTHOCT, HHTEPHETA.

2. AOconioTHOe OONBIIMHCTBO CYIIECTBYIOIINX HH()OPMAIIMOHHBIX CHCTEM IIpeajiaraeT BBIOOP
BAapPHAHTOB OCYIIECTBIATH 110 IKOHOMHYECKIM KPUTEPUSIM. BOIBITMHCTBO MHTEPHETHBIX CHCTEM
MO3BOJISICT OCYHIECTBIATh 00pabOTKYy MHGOpPMAIMK M MPUHATHE PENICHUI C HCIIOJIb30BaHHEM
9KOHOMHYECKON MHPOPMAITUN ¥ SKOHOMHYECKUX MOJIEIEH.

3. Opmnako TpHW aHAJHW3Ee BapHUAHTOB HEABIDKHIMOTO HMYyIIecTBa Ooyiee OOBEKTHBHOM SBIIIETCS
OIICHKA, MPOBOANMAs HE TOJNFKO ¢ YKOHOMHYCCKHX IO3HUIIHHA, HO TAaKXKE C y4EeTOM KadecTBa,
TEXHUYECKHUX, OKCIUIyaTallUOHHBIX, TIPABOBBIX, COLMAJBHBIX W JPYrHX I[IOKa3aTelen
3¢ EeKTHBHOCTH.

4. Tlpemmaraetcs pa3paboTaHHast aBTOpaMH MHOTOKPHTEPHANTbHAS CHCTEMa AJIEKTPOHHOTO OmM3Heca
B 00JIACTH HEABKUMOTO UMYIIICCTBA.

5. PaspaboraHHas cucTeMa YCHENIHO IPUMEHSETCS MPH IOArOTOBKE MAarMcTpoB B 00JacTH
VIpaBJICHUS HEJIBIDKUMOCTBIO, a TAK)KE B IIPAKTUKE TOPTOBJIH HEIBMKIMOCTEIO.

Jlutepatypa
[1]  http://www.financenter.com/solutions/centers/property casua Ity.fcs

[2]  http://www.costbenefit.com/
[3] http://www.paladin-group.com/

[4]  http://www.movingcenter.com/mc.dll?page calculator&partner latimes

[5] http://www.domania.com/calculators/index.jsp.lt=a2

[6] http://homestore.com/Finance/Calculators/mortgagequalifier.asp

[7]  http://homeadvisor.msn.com/services/calculators.aspkttp://www.costbenefit.com/
[8]  http://www.homosinboise.com/

[9]  http://barmore.com/home.html/
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The Camera-Ready Copies

PREPARATION OF CAMERA-READY TYPESCRIPT:
COMPUTER MODELLING AND NEW TECHNOLOGIES

A Guide for Authors

A.N. AUTHOR
Affiliation
Institute address

Abstract reviews the main results and peculiarities of a contribution. Abstract is presented always in English or in
English and the second (presentation) language both.
Keywords: main terms, concepts

1. Introduction

These instructions are intended to provide guidance to authors when preparing camera-ready
submissions to a volume in the CM&NT. Please read these general instructions carefully before
beginning the final preparation of your camera-ready typescript.

Two ways of preparing camera-ready copy are possible:
(a) preparation on a computer using a word processing package;
(b) printed copy fitted for scanning.

2. Printer Quality, Typing Area and Fonts

IMPORTANT:

If you produce your camera-ready copy using a laser printer, use a 15 x 23 cm typing area (in A4 format:
30 mm - left, 30 mm- right, 30 mm- top, 30 - bottom, line spacing - single ), as in these instructions, in
combination with the 10 points Times font. The pages will then be reproduced one to one in printing.
Fonts

The names and sizes of fonts are often not the same on every computer system. In these instructions the
Times font in the sizes 10 points for the text and 8 points for tables and figure legends are used. The
references section should be in the 10 points font.

3. Format and Style

The text should be in clear, concise English (or other declared language). Please be consistent in
punctuation, abbreviations, spelling (British English), headings and the style of referencing.

Camera-ready copy will be printed exactly as it has been submitted, so please make sure that the
text is proofread with care.

In general, if you prepare your typescript on a computer using a word processing package, use
styles for the font(s), margin settings, headings, etc., rather than inserting these layout codes every time
they are needed. This way, you will obtain maximum consistency in layout. Changes in the layout can be
made by changing relevant style(s).
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4. Layout of the Opening Page

A sample for the opening page of a contribution is shown in Figure 1 on page 3.
Requirements for the opening page of a contribution are (see also Figure 1) : the titles should always be
a centered page and should consist of: the title in capital letters, bold font, flush center, on the fourth text
line; followed by the subtitle (if present) in italics, flush center, with one line of white above. The
author's name(s) in capitals and the affiliation in italics, should be centered and should have two lines of
white space above and three below, followed by the opening text, the first heading or the abstract.

5. Headings
Please distinguish the following four levels of headings:

1. First-order Heading

This heading is in bold, upper and lowercase letters, numbered in arabic figures, and
has two lines of space above and one line below. The text begins full out at the left margin.
1.1. SECOND-ORDER HEADING IN CAPITALS
This heading is in roman capitals, numbered in arabic figures and has one line of space above
and below. The text begins full out at the left margin.
1.1.1. Third-order Heading in Italics
This heading is in italics, upper and lower case letters, numbered in arabic figures and has one
line of space above and no space below. The text begins full out at the left margin.
Fourth-order Heading in Italics. This heading is in italics, upper and lowercase letters, with
one line of space above the heading. The heading has a full stop at the end and the text runs on
the same line.

:I: 3 lines of white

TITLE OF CONTRIBUTION
Subtitle of Contribution

$ 2 lines of white

A.N. AUTHOR
Affiliation
Institute address

T 3 lines of white
Abstract

T 2 lines of white
First textline

Figure I. Example of an opening part of contribution to a Volume of CM&NT.
6. Figures and Photographs

- Line drawings must be submitted in original form, on good quality tracing paper, or as a glossy
photographic print.
- Halftone photographs must be supplied as glossy prints.
- Colour illustrations. Colour illustrations are more expensive and the author is expected to cover the
extra costs . Please consult with Editors about this.
Mount all illustrations directly into the text at the appropriate places. Alternatively, it is acceptable to
leave the appropriate space blank in the text, and submit the illustrations separately. In this case You
must put the figure numbers in pencil in the open spaces in the text and on the back of the figures. Also
indicate the top of the illustration.

For computer plotting the ORIGIN Software is preferable.
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- Legends for figures/illustrations should not be incorporated in the figure itself and they should be listed
in numerical order (headed as "Figurel.", "Figure 2.", etc.). The legends should be set centered, below
the figure.

7. Displayed Equations

Displayed equations should be in the left side of the page, with the equation number
in parentheses, flush right.

B = J] " COWOOK(x =X )(~divP(x))d*xd ', (1)
K(x—x’)=Co%|;(I|_x’|) | @)

Font sizes for equations are: 12pt -full, 7pt - subscripts/superscripts, Spt - sub- subscripts/superscripts,
18pt - symbols, 12pt - subsymbols .

8. Tables

Please center tables on the page, unless it is necessary to use the full page width. Exceptionally large
tables may be placed landscape (90° rotated) on the page, with the top of the table at the left-hand
margin. An example of a table is given below:

TABLE 1. National programs of fusion research [1]

Experiment Type Laboratory Task Begin of operation
JET tokamak Joint European Torus, Plasma physics studies 1983
Culham, UK in the region close to
ignition
TEXTOR tokamak FA, Jillich. Germany Studies of plasma-wall 1982
interaction
TORE SUPRA tokamak CEA, Cadarache, Testing of super- 1988
France conducting coils,
stationary operation
ASDEX Upgrade tokamak IPP, Garching, Plasma boundary 1990
Germany studies in divertor
plasmas
WENDELSTEIN stellarator IPP, Garching, Testing the principles 1988
7-AS Germany of “advanced
stellarator”
WENDELSTEIN stellarator IPP, Greifswald, Testing feasibility of 2004
7-X Germany ”advanced stellarator”
for power station

9. References

The References should be typeset in a separate section as a numbered list at the end of your contribution
in the following style:

Journal articles should consist of: author's name, initials, year, title of article,
journal title, volume number, inclusive page numbers, e.g.:

[1] Dumbrajs O. (1998) Nuclear Fusion. RAU Scientific Reports &Computer Modeling & New
Technologies 2, aa-zz

[2] Kiv A.E., Polozovskaya I.A., Tavalika L.D. and Holmes S. (1998) Some problems of operator-
machine interaction.. RAU Scientific Reports &Computer Modelling & New Technologies 2, aa-zz

[3] Shunin Yu.N. (1996) Elementary excitations and radiation defects in solids induced by swift heavy
ions. RAU Scientific Reports & Solid State Electronics & Technologies 1, 15-35

[4] Schwartz K. (1996) Excitons and radiation damage in alkali halides. RAU Scientific Reports &
Solid State & Electronics & Technologies 1, 3-14
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Book references should consist of: author's name, initials, year, title of book, publisher, place of
publication, e.g.:

[5] Schwartz K. (1993) The Physics of Optical Recording. Springer-Verlag, Berlin Heidelberg New
York

[6] Shunin Yu.N. and Schwartz K.K. (1997) Correlation between electronic structure and atomic

configurations in disordered solids. In: R.C. Tennyson and A.E. Kiv (eds.). Computer Modelling of

Electronic and Atomic Processes in Solids. Kluwer

Academic Publishers, Dordrecht, pp. 241-257 .

Unpublished papers should consist of: author's name, initials, year (or: in press),

title of paper, report, thesis, etc., other relevant details, e.g.:

[7] Shunin Yu.N. (1995) Elementary Excitations in amorphous solids accompanying the swift heavy
ions passages. Private communication. GSI Seminar. Darmstadt

The references above should be cross-referenced by numbers within square brackets:

...as cited in [1], or Kiv et al. [2]... The use of author initials for cross-references is not encouraged.

10. Authors Index
Editors form the author’s index of a whole Volume . Thus , all contributors are expected to

present personal colour photos with the short information on the education , scientific titles and
activities.

11. Submission

Check your typescript very carefully before it is submitted. Submit two copies of the typescript
to the Editors of the Volume. Always retain a copy of all material submitted as backup.

11.1. DISK FORMATS AND WORD PROCESSING PACKAGES

If you want to present contributions electronically please before submitting accord with the
Editors the details on your computer system, your word processing package and version (MS Word 6
and above versions are preferable) and the way of transfer on the information (disk or Internet).
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